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SUMMARY 
The o b j e c t i v e o f t h i s research i s the design and e v a l u a t i o n o f a 
system t o inspec t automotive exhaust gas e m i s s i o n c o n t r o l dev ices . 
Evidence i n d i c a t e s t h a t r e d u c t i o n s i n p o l l u t a n t s can be achieved i f 
automobiles receive proper engine maintenance and p o l l u t i o n c o n t r o l 
devices are f u n c t i o n i n g p r o p e r l y . The s p e c i f i c q u e s t i o n faced by s t a t e 
and l o c a l p o l l u t i o n c o n t r o l agencies i s what w i l l be the long range cost 
a n d e f f e c t i v e n e s s o f a s y s t e m d e s i g n e d t o m o n i t o r e x h a u s t g a s e m i s s i o n s . 
T h i s i n v e s t i g a t i o n was aimed at (1) developing a procedure t o prov ide 
i n s p e c t i o n system c o s t - e f f e c t i v e n e s s i n f o r m a t i o n and (2) demonstra t ing 
the procedure u t i l i z i n g b e s t ava i l ab le data . To i l l u s t r a t e the proce­
d u r e , the f i v e county A t l a n t a M e t r o p o l i t a n area w,as chosen. 
To accomplish the research o b j e c t i v e , a " b u i l d i n g block" approach 
was employed. T h i s approach a l l o w s the system t o be evaluated by i n v e s ­
t i g a t i o n o f the r e l a t i o n s h i p o f i n d i v i d u a l components o f the system t o 
the t o t a l sys tem. O v e r a l l e s t i m a t e s are minimized and emphasis i s placed 
upon o b t a i n i n g measures o f the i n d i v i d u a l components o f the s y s t e m . 
The approach taken i n t h i s research r e q u i r e d development o f two 
computer models: a cost e v a l u a t i o n model and an e f f e c t i v e n e s s evalua­
t i o n model. The cost model generates cost and performance data f o r 
v a r i o u s i n s p e c t i o n system c o n f i g u r a t i o n s . T o t a l w a i t i n g t ime r e q u i r e d 
f o r an i n s p e c t i o n i s used as a measure o f the i n s p e c t i o n system p e r ­
formance . 
The e f f e c t i v e n e s s model p rov ides year -by-year t o t a l p o l l u t a n t 
e m i s s i o n data f o r t h r e e p o l l u t a n t s (carbon monoxide, hydrocarbons and 
n i t r o g e n o x i d e s ) . T h i s data i n c l u d e s t o t a l expected e m i s s i o n s , t o t a l 
r e d u c t i o n i n e m i s s i o n s expected f rom implementat ion o f the i n s p e c t i o n 
system and an e f f e c t i v e n e s s measure i n d i c a t i n g t h e percentage o f po ten ­
t i a l r e d u c t i o n s expected t o be r e a l i z e d . I n c a l c u l a t i n g t h i s da ta , 
d e t e r i o r a t i o n o f automotive p o l l u t i o n c o n t r o l devices i s an impor tan t 
f a c t o r considered i n the e f f e c t i v e n e s s model. B o t h the cost and the 
e f f e c t i v e n e s s models are designed t o prov ide data f o r i n s p e c t i n g 
v e h i c l e s at e i t h e r an annual o r a b iannua l f r e q u e n c y . 
The i n v e s t i g a t i o n i l l u s t r a t e d the need f o r s y s t e m a t i c a n a l y s i s 
and p lann ing t o manage a i r resources f o r a m e t r o p o l i t a n area. As a 
r e s u l t o f t h i s i n v e s t i g a t i o n c o s t - e f f e c t i v e n e s s data concerning s t a t e 
i n s p e c t i o n o f automobiles have been obta ined. S e v e r a l recommendations 




I n many a i r b a s i n s o f the U n i t e d S t a t e s , t h e r e e x i s t no mechanism 
t o ensure t h a t automotive p o l l u t i o n c o n t r o l systems are p r o p e r l y main­
t a i n e d . The Federa l government can e s t a b l i s h p o l l u t i o n s tandards 
appl icable t o new motor v e h i c l e s and eng ines . A l s o , the Federa l govern­
ment can per form c e r t i f i c a t i o n t e s t i n g t o mon i to r the performance o f 
p ro to type v e h i c l e s and engines . However, t o da te , Federa l a u t h o r i t y 
ends when the new motor v e h i c l e o r engine i s s o l d t o the p u b l i c . F o r 
t h i s r e a s o n , ac t ion on the s t a t e l e v e l o f government may be r e q u i r e d t o 
guarantee t h a t automotive p o l l u t i o n c o n t r o l systems are p e r f o r m i n g 
p r o p e r l y under actua l opera t ing c o n d i t i o n s . 
The general o b j e c t i v e o f t h i s research i s t o des ign and evaluate 
a system t o i n s p e c t automotive exhaust gas e m i s s i o n c o n t r o l dev ices . 
I n v e s t i g a t i o n o f s t a t e i n s p e c t i o n o f automobiles p r o v i d e s a d d i t i o n a l 
i n f o r m a t i o n t o a i r resource managers faced w i t h e v a l u a t i n g v a r i o u s 
abatement s t r a t e g i e s t o c o n t r o l automotive p o l l u t i o n . To i l l u s t r a t e 
the i n v e s t i g a t i o n approach and t o prov ide u s e f u l i n f o r m a t i o n , the 
i n v e s t i g a t i o n i s based upon p r o v i d i n g an i n s p e c t i o n system f o r the f i v e 
county M e t r o p o l i t a n A t l a n t a , Georgia area. 
Based upon i n t e r v i e w s w i t h the Georgia a i r p o l l u t i o n c o n t r o l 
agency, a d e c i s i o n was made t h a t the i n s p e c t i o n system shou ld be 
designed t o per form t h r e e f u n c t i o n s : 
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1 . Determine the exhaust e m i s s i o n s o f carbon monoxide, 
hydrocarbons and n i t r o g e n o x i d e s , 
2 . Determine whether the e m i s s i o n c o n t r o l system i s 
pe r fo rming p r o p e r l y , 
3 . P r e s c r i b e a remedy i f e m i s s i o n s exceed s t a n d a r d s . 
S u c c e s s f u l performance o f the t h r e e f u n c t i o n s i s the goal e s t a b l i s h e d 
f o r the i n s p e c t i o n s y s t e m . F a c t o r s such as the frequency o f i n s p e c t i o n , 
the type o f t e s t equipment u t i l i z e d , and the t o t a l customer w a i t i n g 
t ime are impor tant design c o n s i d e r a t i o n s o f t h i s i n v e s t i g a t i o n . 
The eva lua t ion p o r t i o n o f the i n v e s t i g a t i o n c o n s i d e r s the cos t 
and e f f e c t i v e n e s s o f s t a t e i n s p e c t i o n o f automobiles t o reduce a i r p o l ­
l u t i o n . Some o f the cost i tems are investment cos t i n t e s t equipment 
and f a c i l i t i e s . A l s o , the opera t ing cost ( f i x e d and v a r i a b l e ) and the 
breakeven cost per v e h i c l e are e s t i m a t e d . E f f e c t i v e n e s s o f s t a t e 
i n s p e c t i o n i s measured i n terms o f est imated q u a n t i t i e s o f p o l l u t a n t 
e m i s s i o n s and r e d u c t i o n s achieved. 
I n f o r m a t i o n received f rom C a l i f o r n i a and New J e r s e y provided data 
concerning p o l l u t a n t r e d u c t i o n s achieved through i n s p e c t i o n along w i t h 
data i n d i c a t i n g the r a t e o f d e t e r i o r a t i o n o f exhaust p o l l u t i o n c o n t r o l 
systems r e s u l t i n g f rom a c t u a l , o n - t h e - r o a d d r i v i n g c o n d i t i o n s . Cost 
da ta , such as l abor c o s t , are r e p r e s e n t a t i v e o f the A t l a n t a M e t r o p o l i t a n 
area. 
U t i l i z i n g e x i s t i n g data and proposed Federa l automotive p o l l u t a n t 
s t a n d a r d s , t h i s i n v e s t i g a t i o n evaluates impor tant design and e v a l u a t i o n 
aspects o f s t a t e i n s p e c t i o n o f automobiles t o reduce a i r p o l l u t i o n . The 
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order o f p r e s e n t a t i o n o f t h i s i n v e s t i g a t i o n i s as f o l l o w s : 
1 . Chapter I I covers a rev iew o f the l i t e r a t u r e t o de f ine 
p r o g r e s s i n automotive p o l l u t i o n c o n t r o l and t o i d e n t i f y p r o m i s i n g 
abatement s t r a t e g i e s ava i l ab le t o s t a t e governments. 
2 . Chapter I I I d i s c u s s e s the method o f approach u t i l i z e d i n 
t h i s i n v e s t i g a t i o n . 
, 3 . Chapter I V descr ibes and p r e s e n t s the a s s u m p t i o n s , proce­
d u r e s , and d e t a i l s o f the e f f e c t i v e n e s s e v a l u a t i o n methodology. Data 
a c q u i s i t i o n i s a l s o d i s c u s s e d . 
4 . Chapter V p r e s e n t s the d e t a i l s o f the cost e v a l u a t i o n 
methodology. I n s p e c t i o n system design assumptions are presented and 
d i s c u s s e d . A l s o , t o t a l customer w a i t i n g t ime at the i n s p e c t i o n f a c i l i ­
t i e s i s d i s c u s s e d . Data u t i l i z e d i n making cost and w a i t i n g t ime 
e s t i m a t e s are p rov ided . 
5 . Chapter V I g ives cost and e f f e c t i v e n e s s r e s u l t s o f annual 
and b iannua l i n s p e c t i o n between 1975 and 1985 i n the A t l a n t a M e t r o p o l i ­
tan area. A l s o , s e n s i t i v i t y analyses are performed. 
6 . Chapter V I I p r e s e n t s conc lus ions and recommendations. 
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CHAPTER I I 
L I T E R A T U R E SURVEY 
I n t r o d u c t i o n 
The problem o f a i r p o l l u t i o n has e x i s t e d f o r c e n t u r i e s . As e a r l y 
as the f o u r t e e n t h century p u b l i c d i s s a t i s f a c t i o n w i t h atmospheric p o l ­
l u t i o n i s noted by h i s t o r i a n s [ 2 6 , p . 9 ] . U n t i l around 1 9 4 5 , emphasis 
was placed upon c o n t r o l o f s t a t i o n a r y sources o f a i r p o l l u t i o n w i t h con­
t r o l o f s u l f u r - b e a r i n g f o s s i l f u e l combustion a t t r a c t i n g the most a t t e n ­
t i o n . I n the e a r l y f o r t i e s a new type o f p o l l u t i o n made i t s appearance 
i n L o s Angeles , which had become h i g h l y i n d u s t r i a l i z e d and h e a v i l y 
populated d u r i n g Wor ld War I I [ 2 9 ] . A f t e r s e v e r a l years o f i n t e n s i f i e d 
programs t o c o n t r o l s t a t i o n a r y sources o f s u l f u r d iox ide and hydrocarbon 
e m i s s i o n s i n L o s Ange les , l a b o r a t o r y experiments ind ica ted t h a t gaso l ine 
powered mobile combustion sources were c o n t r i b u t i n g s i g n i f i c a n t l y t o the 
a i r p o l l u t i o n problem. 
S ince the f o r t i e s s e v e r a l approaches p e r t a i n i n g t o c o n t r o l l i n g 
a i r p o l l u t i o n f rom mobile sources have been implemented o r are being 
i n v e s t i g a t e d . These approaches are summarized i n Tab le 1 . A i r p o l l u ­
t i o n l i t e r a t u r e reviewed d u r i n g t h i s i n v e s t i g a t i o n r e l a t e s on ly t o the 
f i r s t op t ion l i s t e d i n Tab le 1 , e m i s s i o n s l e v e l r e d u c t i o n s at the 
source . 
The f i r s t s e c t i o n o f t h i s chapter rev iews the h i s t o r i c a l develop­
ment o f automotive p o l l u t i o n c o n t r o l f rom 1959 t o the p r e s e n t . 
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Tab le 1 . Summary o f Opt ions f o r C o n t r o l l i n g 
P o l l u t i o n f rom Mobile Sources 
1 . E m i s s i o n l e v e l r e d u c t i o n s at the s o u r c e . 
2 . Improved road design t o reduce t r a f f i c congest ion . 
3 . Decrease the use o f v e h i c l e s th rough mass t r a n s p o r t a t i o n . 
4 . Replace g a s o l i n e powered mobile sources w i t h o t h e r 
v e h i c u l a r p r o p u l s i o n s y s t e m s . 
The purpose o f t h i s s e c t i o n i s t w o f o l d : 
1 . T o show the t r e n d i n motor v e h i c l e e m i s s i o n c o n t r o l . 
2 . To d e f i n e t h e F e d e r a l and s t a t e r o l e s i n c o n t r o l l i n g 
p o l l u t i o n f rom v e h i c l e s . 
The remain ing p o r t i o n o f the chapter deals w i t h the problem o f i d e n t i ­
f y i n g p r o m i s i n g i n s p e c t i o n procedures t h a t are f e a s i b l e f o r l o c a l p o l ­
l u t i o n c o n t r o l agencies. 
H i s t o r i c a l Development o f Automotive P o l l u t i o n C o n t r o l 
From 1959 t o 1 9 7 1 , i n t e n s i f i e d e f f o r t s t o c o n t r o l automotive a i r 
p o l l u t i o n have occurred on both the Federa l and s t a t e l e v e l o f govern­
ment. C a l i f o r n i a pioneered the i n i t i a l e f f o r t s t o c o n t r o l automotive 
a i r p o l l u t i o n . I t was not u n t i l 1965 t h a t s t r o n g Federa l l e g i s l a t i o n 
was passed t o attack the automotive problem on a n a t i o n a l b a s i s . 
I n 1 9 5 9 , the C a l i f o r n i a S t a t e Board o f P u b l i c H e a l t h was d i r e c t e d 
" . . . t o submit by February 1 , 1 9 6 0 , maximum a l lowable s tandards o f 
e m i s s i o n s o f exhaust contaminants f rom the motor v e h i c l e s . . . " £ 2 9 , 
p . 2 8 ] . Standards were e s t a b l i s h e d f o r exhaust carbon monoxide and 
hydrocarbons. By l a t e 1 9 6 0 , C a l i f o r n i a had adopted a s tandard f o r 
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crankcase e m i s s i o n s o f hydrocarbons. U . S . automotive manufacturers 
began v o l u n t a r i l y t o equip 1961 automobiles s o l d i n C a l i f o r n i a w i t h 
crankcase e m i s s i o n c o n t r o l dev ices . By 1963 a l l new automobiles s o l d 
nat ionwide were equipped t o c o n t r o l crankcase e m i s s i o n s f o r hydrocarbons. 
The crankcase e m i s s i o n c o n t r o l devices v i r t u a l l y e l im ina ted e m i s s i o n s 
emanating f rom the crankcases [ 4 0 ] . 
I n the e a r l y s i x t i e s , C a l i f o r n i a a l s o developed a procedure t o 
t e s t exhaust e m i s s i o n c o n t r o l dev ices . The t e s t was based upon a seven 
mode d r i v i n g cyc le . E m i s s i o n c o n t r o l devices were o r i g i n a l l y r e q u i r e d 
t o operate s a t i s f a c t o r i l y f o r 12 ,000 m i l e s [ 1 1 , p . 3 - 1 ] . I n 1 9 6 5 , r e v i ­
s i o n s were made t o r e q u i r e devices t o operate s a t i s f a c t o r i l y f o r 50 ,000 
m i l e s . 
Other e f f o r t s by C a l i f o r n i a t o c o n t r o l automotive p o l l u t i o n 
i n c l u d e : 
1 . C e r t i f i c a t i o n s o f compliance f o r v e h i c l e s i n c e r t a i n 
c o u n t i e s , 
2 . T i c k e t s given by the C a l i f o r n i a S t a t e Highway P a t r o l 
f o r v e h i c l e s e m i t t i n g excessive v i s i b l e smoke, 
3 . A random spot-check system incorpora ted i n t o the 
s a f e t y i n s p e c t i o n sys tem. 
The Federa l e f f o r t f rom 1960 u n t i l 1965 c o n s i s t e d o f s t u d y i n g 
the problem t o determine i f a nat ionwide e f f o r t was r e q u i r e d [ 2 9 , 9 ] , 
A l s o , the Federa l government recommended research approaches and e v a l u ­
ated the m e r i t s o f p o l l u t i o n c o n t r o l devices [ 2 9 ] . 
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I n 1 9 6 5 , the Clean A i r Act o f 1963 was amended t o give the 
Secre ta ry o f H e a l t h , Educat ion and We l fa re power t o s e t a i r p o l l u t i o n 
s tandards f o r new v e h i c l e s . 
The Secre ta ry s h a l l by r e g u l a t i o n , g i v i n g appropr ia te con­
s i d e r a t i o n t o t echno log ica l f e a s i b i l i t y and economic c o s t s , 
p r e s c r i b e as soon as p rac t i cab le s t a n d a r d s , appl icable t o 
the e m i s s i o n o f any k i n d o f substance , f rom any c l a s s o r 
c l a s s e s o f new motor v e h i c l e s o r new motor v e h i c l e engines 
[ 2 8 ] . 
The S e c r e t a r y o f H e a l t h , Educat ion and We l fa re n o t on ly s e t s t a n d a r d s , 
but a l s o was r e q u i r e d t o per form c e r t i f i c a t i o n t e s t i n g o f the c o n t r o l 
dev ices . I n 1 9 6 6 , Federa l s tandards were s e t f o r crankcase e m i s s i o n s 
and exhaust e m i s s i o n s o f carbon monoxide and hydrocarbons. The 
standards appl ied t o 1968 model year l i g h t - d u t y v e h i c l e s ( v e h i c l e s l e s s 
than 6001 pounds g r o s s w e i g h t ) . 
I n 1 9 6 7 , Congress passed t h e A i r Q u a l i t y Act o f 1 9 6 7 , an amend­
ment t o the Clean A i r Act o f 1963. Under t h i s l aw , s t a t e s were p r o ­
h i b i t e d f rom s e t t i n g s tandards f o r new motor v e h i c l e s . The law d i d , 
however, a l low p r o v i s i o n s which i n essence allowed C a l i f o r n i a t o have 
s t r i c t e r s tandards than ones appl icable t o v e h i c l e s s o l d on a nat ionwide 
b a s i s . 
The A i r Q u a l i t y Act o f 1967 p r o v i d e s f o r Federa l a s s i s t a n c e t o 
s t a t e s f o r the development o f v e h i c l e i n s p e c t i o n programs. Grants were 
a u t h o r i z e d " . . . i n an amount up t o t w o - t h i r d s o f the cost o f develop­
i n g meaningful u n i f o r m motor v e h i c l e e m i s s i o n device i n s p e c t i o n and 
e m i s s i o n t e s t i n g programs" [ 1 ] . Two p r o v i s i o n s must be s a t i s f i e d t o 
rece ive the g r a n t : 
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(1 ) No grant s h a l l be made f o r any p a r t o f any S t a t e 
v e h i c l e i n s p e c t i o n program which does no t d i r e c t l y r e l a t e 
t o the cost o f a i r p o l l u t i o n aspects o f such a program; 
and (2 ) No such grant s h a l l be made u n l e s s t h e S e c r e t a r y 
o f T r a n s p o r t a t i o n has c e r t i f i e d t o the S e c r e t a r y t h a t such 
program i s c o n s i s t e n t w i t h any highway s a f e t y program 
developed pursuant t o s e c t i o n 402 o f t i t l e 23 o f the 
U n i t e d S t a t e s Code [ 1 ] . 
The A i r Q u a l i t y Act o f 1967 a l s o p rov ides t h a t 
Noth ing i n t h i s t i t l e s h a l l preclude o r deny t o any S t a t e 
o r p o l i t i c a l s u b d i v i s i o n t h e r e o f the r i g h t o t h e r w i s e t o 
c o n t r o l , r e g u l a t e , o r r e s t r i c t the u s e , o p e r a t i o n , o r 
movement o f r e g i s t e r e d o r l i c e n s e d motor v e h i c l e s [ 1 ] . 
From 1967 t o 1 9 7 0 , e f f o r t s were made t o develop s tandard i zed 
t e s t procedures f o r measuring q u a n t i t i e s o f p o l l u t a n t s emi t ted f rom 
mobile s o u r c e s . Measured p o l l u t a n t s could then be compared t o the 
e s t a b l i s h e d s t a n d a r d s . Procedures f o r t e s t i n g f o r compliance have been 
p u b l i s h e d [ 1 5 , 1 6 ] . These procedures were l a t e r m o d i f i e d . Because o f 
the changes i n t e s t p rocedures , data co l l ec ted on a given t e s t procedure 
i s not e a s i l y compared t o data gathered on a modi f ied t e s t procedure. 
The most recent procedures f o r t e s t i n g f o r compliance are based upon an 
a l lowable grams per m i l e per v e h i c l e [ 2 1 ] , E a r l i e r s tandards were 
expressed i n p o l l u t a n t c o n c e n t r a t i o n s , such as p a r t s per m i l l i o n (ppm). 
T e s t i n g f o r compliance w i t h Federa l s tandards i s not performed on each 
motor v e h i c l e , Vehic le manufacturers are r e q u i r e d t o prov ide r e p r e ­
s e n t a t i v e v e h i c l e s t o the Federa l government f o r compliance t e s t i n g . 
I n 1 9 7 0 , Congress passed the "Clean A i r Amendments o f 1970" [ 1 0 ] . 
Al though numer ica l s tandards are not g i v e n , the Act does i n d i c a t e the 
i n t e n t o f the Federa l government t o e s t a b l i s h s t r i c t f u t u r e e m i s s i o n 
s tandards f o r l i g h t - d u t y v e h i c l e s . Given 1970 model year v e h i c l e s as a 
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base l e v e l , a 90 per cent r e d u c t i o n i n carbon monoxide and hydrocarbons 
e m i s s i o n s w i l l be r e q u i r e d f o r l i g h t - d u t y v e h i c l e s and engines manu­
f a c t u r e d d u r i n g o r a f t e r model year 1.975. A l s o , f o r n i t r o g e n oxides a 
90 per cent r e d u c t i o n f rom the base l e v e l w i l l be r e q u i r e d f o r v e h i c l e s 
manufactured i n o r a f t e r 1976 . The base l e v e l f o r n i t r o g e n oxides i s 
1971 model year v e h i c l e s . 
The Clean A i r Amendments o f 1970 a l s o prov ide t h a t i f r e l i a b l e 
methods and procedures can be developed t o t e s t v e h i c l e s i n ac tua l u s e , 
the v e h i c l e manufacturers w i l l be r e q u i r e d t o guarantee the e m i s s i o n 
c o n t r o l device o r system f o r new l i g h t - d u t y v e h i c l e s beg inn ing one year 
a f t e r t e s t i n g methods are e s t a b l i s h e d . T h i s warranty would l a s t f o r 
50 ,000 m i l e s and the cost t o r e p a i r the e m i s s i o n c o n t r o l device would 
be borne by the manufacturer . 
Review o f the l i t e r a t u r e f rom 1959 t o the present- i n d i c a t e s t h a t 
s t a t e i n s p e c t i o n o f automobiles i s s e r i o u s l y being considered as an 
op t ion f o r c o n t r o l l i n g p o l l u t i o n f rom mobile s o u r c e s . Three impor tan t 
conc lus ions concerning a s t a t e ' s r o l e i n c o n t r o l l i n g p o l l u t i o n f rom 
motor v e h i c l e s are drawn: 
1 . S t a t e governments cannot s e t e m i s s i o n s tandards f o r new 
motor v e h i c l e s (exc lud ing C a l i f o r n i a ) . 
2 . S t a t e governments do have the r i g h t t o r e q u i r e t h a t devices 
be mainta ined. 
3. Federa l g r a n t s are a u t h o r i z e d ( w i t h i n p r o v i s i o n s de f ined by 
law) f o r developing meaningful motor veh ic le e m i s s i o n device i n s p e c t i o n 
and emiss ion t e s t i n g programs. 
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I n s p e c t i o n Procedures 
A r e p o r t t o the N a t i o n a l A i r . P o l l u t i o n C o n t r o l A d m i n i s t r a t i o n 
g ives f i v e p o s s i b l e i n s p e c t i o n procedures f o r s t a t e v e h i c l e e m i s s i o n 
i n s p e c t i o n [ 3 7 ] . The procedures and a b r i e f d e s c r i p t i o n o f each are 
given i n Table 2 . The l i t e r a t u r e reviewed h e r e i n concentrates upon the 
l a s t two procedures: e m i s s i o n measurements at i d l e and e m i s s i o n 
measurements on a s h o r t cycle . 
The f i r s t procedure i n Tab le 2 was omi t ted because s tudy r e s u l t s 
i n d i c a t e r e d u c t i o n s i n p o l l u t a n t e m i s s i o n s would be very low [ 1 3 ] . The 
second and t h i r d procedures were e l i m i n a t e d because r e p o r t s i n d i c a t e 
t h a t f u t u r e c o n t r o l techniques by v e h i c l e manufacturers w i l l employ 
add-on equipment whose performance i s no t a f u n c t i o n o f engine tune-up 
[ 4 1 ] . F o r i n s t a n c e , exhaust gas r e c i r c u l a t i o n and c a t a l y t i c m u f f l e r s 
are a n t i c i p a t e d c o n t r o l devices f o r f u t u r e v e h i c l e s . 
I n a s tudy by M. F . Chew presented i n 1 9 6 9 , some c o r r e l a t i o n i s 
shown which i n d i c a t e s t h a t h i g h carbon monoxide and hydrocarbon e m i t t e r s 
at i d l e c o n d i t i o n s are h igh e m i t t e r s a t o t h e r modes o f opera t ion [ 5 ] . 
Table 3 , based on the s tudy by Chew, r e p r e s e n t s r e s u l t s , f o r v e h i c l e s 
without c o n t r o l dev ices . R e s u l t s f o r v e h i c l e s with c o n t r o l devices are 
given i n Tab le 4 . Another s tudy by M. F . Chew concerned w i t h i n s p e c t i n g 
v e h i c l e s t o i d e n t i f y h i g h e m i t t e r s o f oxides o f n i t r o g e n shows a very 
weak c o r r e l a t i o n between e m i s s i o n s at i d l e v e r s u s e m i s s i o n r e s u l t s at 
o t h e r modes o f v e h i c l e opera t ion [ 6 ] , 
I n f o r m a t i o n f rom l i t e r a t u r e p u b l i s h e d by the Federa l government 
concerning exhaust measurement at i d l e , however, i n d i c a t e s l i m i t e d 
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Table 2 . I n s p e c t i o n Procedures f o r S t a t e 
Vehic le E m i s s i o n I n s p e c t i o n 
1 . V i s u a l I n s p e c t i o n Inspec t t o see t h a t r e q u i r e d c o n t r o l devices 
are p r e s e n t and i n t a c t ; check f o r rough i d l e 
and unusua l sounds f rom engine o r exhaust 
s y s t e m ; check exhaust smoke d e n s i t y . Re jec t 
i f de fec ts observed. 
Engine Tune-up Check 
Mandatory Tune-up 
Check i d l e RPM, i d l e a i r - f u e l m i x t u r e , i g n i ­
t i o n t i m i n g and o t h e r impor tan t engine 
parameters . Re jec t i f parameters out o f 
m a n u f a c t u r e r ' s s p e c i f i c a t i o n s . 
P e r f o r m minor tune-up c o n s i s t i n g o f a d j u s t i n g 
i d l e RPM, i d l e a i r - f u e l m i x t u r e , i g n i t i o n 
t i m i n g and o t h e r engine parameters t o manu­
f a c t u r e r ' s s p e c i f i c a t i o n s . Re jec t i s 
parameters cannot be brought i n t o s p e c i f i c a ­
t i o n l i m i t s . 
E m i s s i o n Measurement 
at I d l e 
Measure exhaust HC, CO, N 0 X , opac i ty , and 
perhaps crankcase p r e s s u r e o r HC e m i s s i o n s at 
i d l e (and/or p o s s i b l y a t some h i g h e r RPM). 
Re jec t i f e m i s s i o n s are above e s t a b l i s h e d 
s t a n d a r d s . 
E m i s s i o n Measurement 
S h o r t Cycle 
Measure exhaust HC, CO, N 0 X , opaci ty and p e r ­
haps crankcase p r e s s u r e o r HC e m i s s i o n s w h i l e 
v e h i c l e i s d r i v e n through a predetermined 
s h o r t cycle on a dynamometer. Re jec t i f 
e m i s s i o n s are above e s t a b l i s h e d s t a n d a r d s . 
d i a g n o s t i c a b i l i t y . "Although an i d l e t e s t may i n d i c a t e which v e h i c l e s 
have abnormally h i g h e m i s s i o n s , i t p rov ides very l i t t l e d i a g n o s t i c a id 
as t o what s p e c i f i c type o f m a l f u n c t i o n o r maladjustment produces the 
h igh e m i s s i o n s " [ 1 1 , p . 4 - 9 ] . T h i s l a s t quote could be s i g n i f i c a n t s i n c e 
emiss ion c o n t r o l systems are becoming more s o p h i s t i c a t e d . A l s o , one 
should note t h a t " . . . many engines t h a t are not w e l l tuned may per form 
12 
Tab le 3. Correct I d e n t i f i c a t i o n : and E r r o r s 
f o r Veh ic les Without C o n t r o l Devices 
( C a l i f o r n i a Auto Club Data , 1961-1963) 
Low E m i t t e r s High E m i t t e r s 
(Number o f Veh ic les ) (Number o f V e h i c l e s ) 
T o t a l 543 496 
I d e n t i f i e d 418 354 
E r r o r s 125 commission 142 o m i s s i o n 
I d e n t i f i e d , % 77 7 1 
Low E m i t t e r s : HC < 770 ppm, CO < 4.0% 
(a t i d l e ) 
H igh E m i t t e r s : HC > 770 ppm, CO > 4.0% 
(a t i d l e ) 
Table 4 . Correct I d e n t i f i c a t i o n and E r r o r s 
f o r Vehic les with C o n t r o l Devices 
(AMA-CMVPCB Data , 1966) 
Low E m i t t e r s H igh E m i t t e r s 
(Number o f V e h i c l e s ) (Number o f Veh ic les ) 
T o t a l 67 27 
I d e n t i f i e d 53 19 
E r r o r s 14 commission 8 o m i s s i o n 
I d e n t i f i e d , % 80 70 
Low E m i t t e r s : HC < 400 ppm, CO < 2.5% 
( a t i d l e ) 
H igh E m i t t e r s : HC > 400 ppm, CO > 2.5% 
(a t i d l e ) 
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adequately at i d l e 3 bu t p o o r l y under load" [ 1 1 , p . 4 - 9 ] . P u b l i c accept­
ance o f a system l i m i t e d t o i d l e i n s p e c t i o n on ly i s t h e r e f o r e q u e s t i o n ­
able . 
E m i s s i o n i n s p e c t i o n on a s h o r t cycle t e s t i s another a l t e r n a t i v e 
ava i lab le t o s t a t e s . B a s i c a l l y , a s h o r t cycle t e s t s i m u l a t e s ac tua l 
d r i v i n g c o n d i t i o n s t o get r e p r e s e n t a t i v e emiss ion data . (One w i l l 
remember t h a t the Federa l government's t e s t cycle t o c e r t i f y new motor 
v e h i c l e s a l s o s i m u l a t e s d r i v i n g c o n d i t i o n s . However, complex i ty , t ime 
r e q u i r e m e n t s , and cost o f equipment make i t unacceptable f o r implementa­
t i o n on t he s t a t e l e v e l of government t o t e s t veh i c l e s i n u s e . ) The 
s h o r t cycle i n s p e c t i o n u t i l i z e s a dynamometer which wou ld , t h e r e f o r e , 
make equipment cost and opera t ing c o s t s h i g h e r than c o s t s assoc ia ted 
w i t h the i d l e t e s t procedure. 
S e v e r a l s h o r t cycle t e s t s are a v a i l a b l e . A comparison o f f i v e 
s h o r t cycle t e s t s i s g iven i n a r e p o r t by E t h y l Corpora t ion [ 1 4 ] , A 
p o r t i o n o f the comparison o f s h o r t cycle t e s t s by E t h y l Corpora t ion i s 
given i n Table 5 . 
Based upon the r e s u l t s o f the s h o r t - c y c l e t e s t , a v e h i c l e owner 
would have d i a g n o s t i c i n f o r m a t i o n t o make necessary r e p a i r s . Not on ly 
would r e p a i r s r e s u l t i n reduced e m i s s i o n s , bu t a l s o f o u r o t h e r b e n e f i t s 
could be der ived f rom proper maintenance: improved f u e l economy, 
improved r e l i a b i l i t y , b e t t e r performance, and improved engine l i f e [ 3 3 ] . 
B e n e f i t s may o f f s e t the c o s t s o f r e p a i r s . The s h o r t cycle t e s t i s 
chosen f o r t h i s , i n v e s t i g a t i o n s ince i t : o f f e r s a p r o m i s i n g d i a g n o s t i c 
t e s t procedure which i s ava i l ab le t o l o c a l a i r p o l l u t i o n c o n t r o l 
14 
agencies. As s t a t e d i n Chapter I , an impor tant f u n c t i o n o f the i n s p e c ­
t i o n system i s t h a t i t prov ide d i a g n o s t i c i n f o r m a t i o n t o enable the 
veh ic le owner t o r e p a i r m a l f u n c t i o n i n g e m i s s i o n c o n t r o l s y s t e m s . 
Table 5. Comparison o f S h o r t Cycle T e s t s 
T e s t 
Time Requi red 
( M i n u t e s ) 
C o r r e l a t i o n 
w i t h F e d e r a l 
Cycle 
D i a g n o s t i c 
C a p a b i l i t y 
Equipment 
Cost 
Acid 2 -5 Good Very l i m i t e d High 
E x i t 2 -5 Good Good Very High 
N .Y . Quick 2-5 CO Good 
HC Poor 
Very l i m i t e d H i g h , b u t l e s s 
than f o r Acid 
Key Mode 2-5 Good Good Moderate 
Q u a s i - s t a t i c 5-10 Poor Very l i m i t e d Low 
D i s c u s s i o n o f L i t e r a t u r e Survey 
The l i t e r a t u r e survey provided a s s i s t a n c e ; i n d e f i n i n g the problem 
by f o l l o w i n g the chrono log ica l events which have l e d t o the p r e s e n t 
s t a t e - o f - t h e - a r t i n automotive p o l l u t i o n c o n t r o l . Developing and e v a l ­
u a t i n g f u t u r e abatement s t r a t e g i e s , however, i s very d i f f i c u l t . T h i s 
i s p a r t i c u l a r l y t r u e o f des ign ing and e v a l u a t i n g systems t o i n s p e c t 
mobile combustion s o u r c e s . On the one hand, the l i t e r a t u r e i n d i c a t e s 
t h a t s t r i n g e n t Federa l s tandards w i l l reduce e m i s s i o n s f rom new v e h i c l e s . 
On the o t h e r hand, the p u b l i c i s demanding improvements i n a i r r e s o u r c e s . 
F i g u r e 1 i l l u s t r a t e s the problem. 
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A i r P o l l u t i o n 
Problem Caused 
by Automobiles 
S t a t e 
A i r Resources 
Manager 
-> D e c i s i o n 
P u b l i c demands f o r improvements 
i n a i r r esources 
Proposed s t r i n g e n t Federa l 
s tandards t o reduce a i r p o l l u t i o n 
f rom new automobiles 
E x i s t i n g Management P o s i t i o n 
F i g u r e 1 . E x i s t i n g D e c i s i o n Making P o s i t i o n 
o f a S t a t e A i r Resources Manager 
Since d e c i s i o n s based on p a r t i a l knowledge must be made, i t be­
hooves a i r r e s o u r c e s managers' to t r y t o i n v e s t i g a t e t h e s e n s i t i v i t y o f 
a d e c i s i o n t o the assumptions used i n making the d e c i s i o n . I t i s t h e 
purpose o f t h i s i n v e s t i g a t i o n t o prov ide new i n s i g h t s r e l a t i v e t o t h i s 
problem. S p e c i f i c a l l y , the c o s t - e f f e c t i v e n e s s o f a system t o i n s p e c t 
automobiles w i l l be i n v e s t i g a t e d . F i g u r e 2 i l l u s t r a t e s the b a s i c 
approach o f t h i s i n v e s t i g a t i o n and the improved management i n f o r m a t i o n 
which r e s u l t s f rom t h i s i n v e s t i g a t i o n . 
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A i r P o l l u t i o n 
Problem Caused 
by Automobiles 
S t a t e 
A i r Resources 
Manager 
D e c i s i o n 
—Assumptions —I-
P u b l i c demands f o r 
improvements i n a i r 
r e s o u r c e s 
Proposed s t r i n g e n t Federa l 
s tandards t o reduce a i r 
p o l l u t i o n from new auto ­
mobi les 
\ — C o s t - e f f e c t i v e n e s s 
i n f o r m a t i o n 
Measure cost and performance 
o f c o n t r o l system 
Propose an automotive a i r 
p o l l u t i o n c o n t r o l 
system 
Eva lua te proposed 
automotive a i r p o l l u t i o n 
c o n t r o l system 
Measure e f f e c t i v e n e s s o f 
c o n t r o l system 
Improved Management P o s i t i o n 
F i g u r e 2 . Improved D e c i s i o n Making P o s i t i o n 
o f an A i r Resources Manager 
17 
CHAPTER I I I 
METHOD OF APPROACH 
The development o f an approach t o evaluate the cost and e f f e c ­
t i v e n e s s o f s t a t e i n s p e c t i o n o f automobiles was a pr imary c o n s i d e r a t i o n 
i n t h i s r e s e a r c h . The approach shou ld be developed i n a manner a l l o w ­
i n g a i r resource managers t o u t i l i z e the approach t o es t imate cost and 
e f f e c t i v e n e s s data based upon s e v e r a l p o l i c y d e c i s i o n a l t e r n a t i v e s . 
F o r example, t o s i m p l i f y the v e h i c l e i n s p e c t i o n procedure, an a i r 
resource manager may choose t o enforce on ly one carbon monoxide exhaust 
standard appl icable t o a l l v e h i c l e s . Other a i r resource managers may 
want t o s p e c i f y i n d i v i d u a l hydrocarbon exhaust s tandards f o r each 
veh ic le model year . 
R e a l i z i n g the need f o r f l e x i b i l i t y i n developing an approach t o 
evaluate the cost and e f f e c t i v e n e s s o f s t a t e i n s p e c t i o n o f au tomob i les , 
a " b u i l d i n g block" approach was employed. The b u i l d i n g block approach 
c o n s t r u c t s the system t o be evaluated i n a manner a l l o w i n g i n v e s t i g a ­
t i o n o f the r e l a t i o n s h i p o f i n d i v i d u a l components o f the system t o the 
t o t a l sys tem. I n t h i s manner, emphasis i s placed upon o b t a i n i n g meas­
u r e s o f the i n d i v i d u a l components o f the sys tem. 
S t e p s o f I n v e s t i g a t i o n 
A f t e r the b a s i c approach t o accomplish the research o b j e c t i v e 
had been f i n a l i z e d , the research proceeds as descr ibed i n the f o l l o w i n g 
s t e p s : 
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1 . The s p e c i f i c problem t o be i n v e s t i g a t e d i s de f ined 
(Chapter I I I ) . 
2 . L i m i t a t i o n s o f the s tudy are e s t a b l i s h e d (Chapter I I I ) . 
3. Measures o f e f f e c t i v e n e s s needed t o evaluate s t a t e i n s p e c ­
t i o n o f automobiles are def ined (Chapter I V ) . 
4-. A computer model, denoted P o l l u t i o n C o n t r o l Model (PCM), i s 
developed t o es t imate the e f f e c t i v e n e s s measures (Chapter I V ) . 
5 . Data i n p u t s and p o l i c y d e c i s i o n s ( i . e . , s t a t e s tandards ) 
needed t o demonstrate PCM are obtained (Chapter I V ) . 
6 . Cost and performance measurements r e q u i r e d t o e v a l u a t e t h e 
f e a s i b i l i t y o f s t a t e i n s p e c t i o n are def ined (Chapter V ) . 
7 . A computer model, denoted Cost Model (CM), i s developed t o 
es t imate measurements o f cost and performance f o r v a r i o u s i n s p e c t i o n 
system c o n f i g u r a t i o n s (Chapter V ) . 
8. To demonstrate CM, r e q u i r e d i n p u t data i s obtained (Chapter 
V ) . 
9 . Cost and e f f e c t i v e n e s s r e s u l t s o f i n s p e c t i o n system behavior 
between 1975 and 1985 are presented and d i s c u s s e d (Chapter V I ) . 
1 0 . Cost and e f f e c t i v e n e s s s e n s i t i v i t y a n a l y s i s i s performed and 
d iscussed (Chapter V I ) . 
1 1 . Conclusions and recommendations are given (Chapter V I I ) . 
Statement o f the Problem 
The problem faced i n t h i s research i s t o design and evaluate a 
system t o i n s p e c t automotive exhaust gas e m i s s i o n s c o n t r o l dev ices . A 
cost e f f e c t i v e n e s s procedure i s used t o evaluate the i n s p e c t i o n sys tem. 
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Cost e f f e c t i v e n e s s i s measured as cost per t o n o f p o l l u t a n t reduced by 
the proposed i n s p e c t i o n sys tem. 
A c h a r a c t e r i s t i c o f an i n s p e c t i o n system i s i t s c o n f i g u r a t i o n . 
I n s p e c t i o n system c o n f i g u r a t i o n s proposed f o r t h i s i n v e s t i g a t i o n are : 
1 . A l l one lane i n s p e c t i o n f a c i l i t i e s . 
2 . A l l two lane i n s p e c t i o n f a c i l i t i e s . 
3 . A l l t h r e e lane i n s p e c t i o n f a c i l i t i e s . 
4-. A l l f o u r lane i n s p e c t i o n f a c i l i t i e s . 
5. A l l f i v e lane i n s p e c t i o n f a c i l i t i e s . 
S ince on ly i n s p e c t i o n on a s h o r t cycle t e s t i s cons idered , the e f f e c ­
t i v e n e s s o f the i n s p e c t i o n system i s independent o f i t s s p e c i f i c con­
f i g u r a t i o n . T h a t i s , one would get the same t o t a l p o l l u t a n t r e d u c t i o n 
i f one chose t o implement a l l one lane i n s p e c t i o n f a c i l i t i e s o r a l l 
f i v e lane i n s p e c t i o n f a c i l i t i e s . However, the cost ipev ton of pollutant 
reduced i s v a r i a b l e and i s d i r e c t l y dependent upon the s p e c i f i c i n s p e c ­
t i o n system c o n f i g u r a t i o n chosen. 
C r i t e r i a used t o evaluate the proposed i n s p e c t i o n system con­
f i g u r a t i o n s a re : 
1 . Number o f f a c i l i t i e s r e q u i r e d 
2 . Investment c o s t s 
a. Equipment 
b. F a c i l i t i e s 
3. Annual Costs 
a. C a p i t a l Recovery p l u s i n t e r e s t 
b. Labor ( f i x e d and v a r i a b l e ) 
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c. E l e c t r i c i t y , gas , maintenance and s u p p l i e s 
d. Breakeven cost per v e h i c l e inspected 
4. Average t ime ( w a i t i n g t ime p l u s s e r v i c i n g t ime) per 
v e h i c l e at the i n s p e c t i o n f a c i l i t y . 
L i m i t a t i o n s o f the Study 
The geographical area f o r t h i s research i s the f i v e county 
M e t r o p o l i t a n A t l a n t a area. F i g u r e 3 g ives t h e r e g i o n s i z e o f the s t u d y . 
The f i v e count ies comprise a standard m e t r o p o l i t a n s t a t i s t i c a l area and 
have been designated by the Federa l government as an a i r q u a l i t y c o n t r o l 
r e g i o n . One s h o u l d be aware t h a t the r e g i o n s i z e o f a s tudy concerned 
w i t h mobile sources need not be based upon the same approach employed 
i n t h i s r e s e a r c h . Consider F i g u r e 4. I n c e r t a i n n o r t h e a s t e r n s t a t e s 
the popu la t ion d e n s i t y may j u s t i f y s ta tew ide i n s p e c t i o n . On the o t h e r 
hand, i n c e r t a i n wes te rn s t a t e s w i t h l a rge count ies and p o p u l a t i o n 
d e n s i t i e s concentrated around one c i t y , another approach may be j u s t i ­
f i e d . 
Three p o l l u t a n t s are considered i n t h i s i n v e s t i g a t i o n ; they are 
carbon monoxide, hydrocarbons and oxides o f n i t r o g e n . These p o l l u t a n t s 
c o n t r i b u t e t o the m a j o r i t y o f problems assoc ia ted w i t h mobile s o u r c e s . 
Passenger cars and. l i g h t - d u t y t r u c k s , which t o g e t h e r comprise 
the bulk o f the v e h i c l e p o p u l a t i o n , are the on ly category o f mobile com­
b u s t i o n sources considered. Heavy duty g a s o l i n e powered v e h i c l e s and 
d i e s e l s are o m i t t e d . The t o t a l number o f heavy duty g a s o l i n e t r u c k s i s 
s m a l l compared t o the t o t a l number o f passenger cars and l i g h t - d u t y 
t r u c k s . A l s o , t h e i r p o l l u t a n t c o n t r i b u t i o n t o the system under consideration 
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i s quest ionable s ince many are l o n g - d i s t a n c e o r i e n t e d as opposed t o 
d r i v i n g i n urban a reas . D i e s e l powered v e h i c l e s are omi t ted f o r two 
r e a s o n s . F i r s t , a n t i c i p a t e d f e d e r a l s tandards f o r d i e s e l s are concerned 
w i t h smoke d e n s i t y , t h a t i s , p a r t i c u l a t e mat te r e m i t t e d . The p o l l u t a n t s 
considered i n t h i s s tudy do not inc lude p a r t i c u l a t e s . Second, the t o t a l 
number o f d i e s e l as compared t o g a s o l i n e powered v e h i c l e s i s s m a l l . I t 
i s reasonable t o assume d i e s e l s could be added t o the i n s p e c t i o n system 
w i t h o u t s i g n i f i c a n t l y a f f e c t i n g t h e design o f the sys tem. Omission o f 
heavy duty gaso l ine powered v e h i c l e s and d i e s e l s i s a l s o j u s t i f i e d 
because they would s i g n i f i c a n t l y complicate an unders tand ing o f t h i s 
i n v e s t i g a t i o n . F o r i n s t a n c e , d i f f e r e n t s tandards are appl ied t o heavy 
duty g a s o l i n e powered v e h i c l e s as opposed t o l i g h t - d u t y g a s o l i n e powered 
v e h i c l e s manufactured i n the same year . 
The t ime span evaluated i n the s tudy was 1 9 7 5 - 1 9 8 5 . The p r o ­
j e c t i o n s are not made beyond 1985 because o f the u n c e r t a i n t y o f s e v e r a l 
assumptions made i n the model. F o r i n s t a n c e , t r a v e l d i s t r i b u t i o n by 
age o f v e h i c l e i s assumed t o be the same i n 1975-1985 as i t has been i n 
the recent p a s t . Because o f r a p i d t r a n s i t o r changes i n popu la t ion 
l o c a t i o n s , t r a v e l d i s t r i b u t i o n s could e a s i l y change making the model 
i n a p p r o p r i a t e f o r years beyond 1985 . Economic e v a l u a t i o n o f the Inspec­
t i o n system i s s i m p l i f i e d by purchas ing t e s t equipment f o r carbon mon­
o x i d e , hydrocarbons, and oxides o f n i t r o g e n a l l i n the same year . 
E m i s s i o n q u a n t i t i e s are expressed i n t o n s per year . A f i n e r t ime 
r e s o l u t i o n i s no t be l ieved t o change the s i g n i f i c a n c e o f the r e s u l t s . 
A l s o , convers ion o f p o l l u t a n t t o n s per year t o ambient p o l l u t a n t 
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concent ra t ions i s no t considered. D i f f u s i o n models are ava i l ab le t o 
per form the convers ion [ 2 7 , 3 5 ] , Given t h a t year t o year meteoro log ica l 
and topographica l c o n d i t i o n s are s i m i l a r , the approach taken here does 
permi t one t o examine t r e n d s i n a i r p o l l u t a n t e m i s s i o n s and t o a n t i c i ­
pate an increase o r a decrease i n e x i s t i n g a i r q u a l i t y l e v e l s . 
One shou ld be cautioned o f two p i t f a l l s i n e x p r e s s i n g the emis ­
s i o n s i n t o n s per year . F i r s t , a t o n o f carbon monoxide i s no t neces­
s a r i l y as h a r m f u l as a t o n o f hydrocarbon. However, these p o l l u t a n t s 
could be weighted according t o t o x i c i t y t o i n d i c a t e a h e a l t h hazzard 
assoc ia ted w i t h each p o l l u t a n t . Second, s ince the numer ica l measurement 
o f the exhaust gas p o l l u t a n t s depends upon the i n s p e c t i o n t e s t procedure 
employed, one must use care t o express and compare e m i s s i o n s a l l r e l a ­
t i v e t o the same t e s t procedure. T h i s i s done i n t h i s i n v e s t i g a t i o n . 
Cost i n f o r m a t i o n r e p o r t e d i n the I n v e s t i g a t i o n R e s u l t s (Chapter 
V I ) i n c l u d e s on ly the cost t h a t would be i n c u r r e d by the s t a t e , and 
these c o s t s are ca lculated on a per car b a s i s . D i s c o u n t s f o r h i g h 
volume purchases o r s t a t e and l o c a l s a l e s taxes are not inc luded . 
Annual cost i t e m s , such as e l e c t r i c i t y , are t y p i c a l o f the A t l a n t a area. 
Cost t o the p u b l i c associa ted w i t h t ime and expense r e q u i r e d i n d r i v i n g 
t o and f rom the i n s p e c t i o n f a c i l i t y are not inc luded . No cost r e p r e ­
s e n t i n g l o s t t ime associated w i t h w a i t i n g t ime i s considered i n t h i s 
i n v e s t i g a t i o n . A l s o , cost o f r e p a i r i n g p o l l u t i o n c o n t r o l devices i s 
not i n c l u d e d . 
The i n s p e c t i o n f a c i l i t i e s are assumed t o operate e i g h t hours per 
day, 250 days per year . F a c i l i t i e s opera t ing two e i g h t - h o u r s h i f t s per 




MEASURES OF E F F E C T I V E N E S S 
T h i s chapter descr ibes the procedure t h a t was developed i n t h i s 
i n v e s t i g a t i o n t o p r e d i c t annual e m i s s i o n s o f carbon monoxide, hydro­
carbons and n i t r o g e n oxides generated by l i g h t - d u t y mobile combustion 
s o u r c e s . Because the c a l c u l a t i o n s o f each o f the p o l l u t a n t s are s i m i ­
l a r , the d i s c u s s i o n i n t h i s chapter i s conf ined t o a s i n g l e p o l l u t a n t , 
carbon monoxide. 
I n the f i r s t s e c t i o n s o f t h i s chapter , the types o f measures 
needed and the assumptions r e q u i r e d t o evaluate the e f f e c t i v e n e s s o f 
s t a t e i n s p e c t i o n o f automobiles are g i v e n . Nex t , the methods developed 
t o est imate the e f f e c t i v e n e s s measures are p resen ted . D e t a i l s o f the 
e s t i m a t i o n methodology, u t i l i z i n g the A t l a n t a m e t r o p o l i t a n area as an 
example a p p l i c a t i o n , are g i v e n . 
Types o f M e a s u r e s 
The types o f measures used t o evaluate the e f f e c t i v e n e s s o f s t a t e 
i n s p e c t i o n o f automobiles shou ld be q u a n t i t a t i v e . A l s o , measures shou ld 
r e l a t e t o o v e r a l l goals o f a i r p o l l u t i o n c o n t r o l programs concerned w i t h 
medical , a e s t h e t i c and economic e f f e c t s o f a i r p o l l u t i o n . Recogniz ing 
t h e r e are l i m i t a t i o n s i n p r e d i c t i n g ambient a i r q u a l i t y l e v e l s r e s u l t ­
i n g f rom implementat ion o f an i n s p e c t i o n s y s t e m , the f o l l o w i n g t h r e e 
measures o f e f f e c t i v e n e s s were chosen: 
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1 . Percentage o f u n c o n t r o l l e d l e v e l emi t ted w i t h i n s p e c t i o n . 
2 . T o t a l est imated r e d u c t i o n s i n t o n s per year . 
3. Percentage o f p o t e n t i a l r e d u c t i o n s achieved by i n s p e c t i o n . 
The f i r s t measure i n d i c a t e s the t o t a l p o l l u t a n t e m i s s i o n s w i t h s t a t e 
i n s p e c t i o n r e l a t i v e t o the t o t a l p o l l u t a n t e m i s s i o n s w i t h o u t s t a t e 
i n s p e c t i o n . The second measure e s t i m a t e s the abso lu te r e d u c t i o n s 
achieved by s t a t e i n s p e c t i o n . P o l l u t a n t r e d u c t i o n s as presented i n 
t h i s s tudy could be weighted t o i n d i c a t e economic, h e a l t h and a e s t h e t i c 
e f f e c t s assoc ia ted w i t h each p o l l u t a n t . The t h i r d measure g ives the 
e f f ec t i venes s of s t a t e i n spec t ion in terms of what i t can r e a l i s t i c a l l y 
p r o v i d e . 
Assumptions 
A f t e r decid ing upon the e f f e c t i v e n e s s measures t o be employed i n 
t h i s i n v e s t i g a t i o n , s e v e r a l assumptions were r e q u i r e d t o approximate 
the r e a l w o r l d behavior o f an i n s p e c t i o n sys tem. A d i s c u s s i o n o f these 
assumpt ions i s now g i v e n . 
T o t a l P o l l u t a n t E m i s s i o n s P r o f i l e 
To ob ta in an es t imate o f the measures o f e f f e c t i v e n e s s chosen f o r 
t h i s i n v e s t i g a t i o n , t h r e e e s t i m a t e s o f p o l l u t a n t e m i s s i o n s are r e q u i r e d : 
1 . E m i s s i o n s w i t h o u t implementat ion o f the i n s p e c t i o n system 
(an upper l i m i t ) . 
2 . E m i s s i o n s w i t h implementat ion o f the i n s p e c t i o n sys tem. 
3 . Minimum e m i s s i o n s w i t h implementat ion o f the system (a lower 
l i m i t ) . 
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The emiss ion l e v e l p r o f i l e s t h a t are the b a s i s f o r c a l c u l a t i n g the e f f e c ­
t i v e n e s s o f a n a u t o m o t i v e i n s p e c t i o n system are presented above. The 
upper p r o f i l e (Maximum L e v e l W i t h o u t I n s p e c t i o n ) r e p r e s e n t s the annual 
e m i s s i o n s expected i f t h e r e i s no i n s p e c t i o n o f automobi les and the 
e m i s s i o n c o n t r o l devices d e t e r i o r a t e at a t y p i c a l r a t e . 
The lower p r o f i l e (Minimum L e v e l ) r e p r e s e n t s t h e annual e m i s s i o n s 
expected i f the e m i s s i o n c o n t r o l devices do not d e t e r i o r a t e , t h u s 
remaining as e f f e c t i v e as when they were o r i g i n a l l y i n s t a l l e d . I f t h i s 
c o n d i t i o n e x i s t s , the e m i s s i o n c o n t r o l devices would be opera t ing at the 
e x i s t i n g and proposed Federa l s tandards over the l i f e o f the car . T h i s 
minimum l e v e l t h u s r e p r e s e n t s an extremely o p t i m i s t i c p o s i t i o n w i t h 
regard t o the e f f e c t i v e n e s s o f e m i s s i o n c o n t r o l devices over t ime under 
ac tua l opera t ing c o n d i t i o n s . 
The middle p r o f i l e ( L e v e l w i t h S t a t e I n s p e c t i o n ) i n d i c a t e s the expected 
annual e m i s s i o n s i f i n s p e c t i o n o f t h e e m i s s i o n c o n t r o l devices on au to ­
mobi les i s r e q u i r e d . I t i s assumed t h a t each t ime an automobile i s 
inspected the owner w i l l be r e q u i r e d t o remedy the m a l f u n c t i o n i n g devices 
so t h a t the automobile e m i s s i o n s w i l l not exceed an amount 10% g r e a t e r 
than Federa l s t a n d a r d s . 
F i g u r e 5 . P o l l u t a n t E m i s s i o n L e v e l P r o f i l e s 
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The t o t a l e m i s s i o n s w i t h o u t the i n s p e c t i o n system r e p r e s e n t an es t imated 
upper l i m i t on the q u a n t i t y o f p o l l u t a n t s e m i t t e d . W i t h an i n s p e c t i o n 
system implemented, the t o t a l e m i s s i o n s experienced depend upon the 
degree o f c o n t r o l exerted by the i n s p e c t i o n sys tem. I f the assumption 
i s made t h a t the degree o f c o n t r o l on a v e h i c l e cannot exceed the o r i g ­
i n a l design c a p a b i l i t i e s , a minimum expected q u a n t i t y o f e m i s s i o n s (a 
lower l i m i t ) can be ca lcu la ted . 
F i g u r e 5 d e f i n e s the t h r e e p o l l u t a n t l e v e l s r e q u i r e d t o es t imate 
the measures o f e f f e c t i v e n e s s . F i g u r e 6 i l l u s t r a t e s how the t h r e e p o l ­
l u t a n t l e v e l s are used t o ca lcu la te the measures of e f f e c t i v e n e s s . 
Percentage o f Maximum L e v e l = L e v e l w i t h S t a t e I n s p e c t i o n Maximum L e v e l w i t h o u t I n s p e c t i o n 
= | doo) 
2 . T o t a l E s t i m a t e d Reduct ions = D i f f e r e n c e between Maximum L e v e l 
w i t h o u t I n s p e c t i o n and L e v e l w i t h 
S t a t e I n s p e c t i o n 
= A - C 
D i f f e r e n c e between Maximum L e v e l 
w i t h o u t I n s p e c t i o n and L e v e l w i t h 
. j ~ pi , . . , _ S t a t e I n s p e c t i o n 3. Percentage o f P o t e n t i a l = _ . r — — ~ — = =— „ , . A , . , D i f f e r e n c e between Maximum L e v e l Reduct ions Achieved . . . _ . . . ... . w i t h o u t I n s p e c t i o n and Minimum 
L e v e l w i t h o u t I n s p e c t i o n 
= ^ doo) 
Note: A, B , and C given above r e f e r t o l e v e l s shown i n F i g u r e 5 . 
F i g u r e 6 . Measures o f E f f e c t i v e n e s s 
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I n i t i a l Implementation o f the I n s p e c t i o n System 
The f i r s t year o f i n s p e c t i o n system implementat ion w i l l r e s u l t 
i n an a l t e r e d d i s t r i b u t i o n o f the v e h i c l e p o p u l a t i o n as measured by 
p o l l u t a n t e m i s s i o n r a t e . S p e c i f i c a l l y , v e h i c l e s above a p a r t i c u l a r 
s t a t e s tandard w i l l be r e q u i r e d t o take c o r r e c t i v e a c t i o n t o reduce the 
amount o f p o l l u t a n t s they emi t . T o a l low f o r the p o s s i b i l i t y o f mul ­
t i p l e p o l l u t a n t s tandards f o r v e h i c l e s w i t h c o n t r o l d e v i c e s , the v e h i c l e 
popu la t ion i s f i r s t categor ized by v e h i c l e model year . N e x t , a h i s t o ­
gram f o r each model year v e h i c l e p o p u l a t i o n i s c o n s t r u c t e d . F i g u r e 7 
i s used t o i l l u s t r a t e a h i s t o g r a m f o r one v e h i c l e model year p o p u l a t i o n 
near the t ime o f i n i t i a l implementat ion o f the v e h i c l e i n s p e c t i o n sys tem. 
The c e l l w i d t h s i n F i g u r e 7 are expressed i n p o l l u t a n t e m i s s i o n r a t e s . 
Whenever r e p r e s e n t a t i v e e m i s s i o n r a t e d i s t r i b u t i o n data i s not ava i l ab le 
f o r a model year v e h i c l e p o p u l a t i o n , a normal d i s t r i b u t i o n about the 
average e m i s s i o n r a t e i s assumed. 
Increases i n P o l l u t a n t E m i s s i o n s Between Successive I n s p e c t i o n s 
I n t h i s s tudy the p resen t v e h i c l e p o p u l a t i o n i s ca tegor ized i n t o 
two d i s t i n c t groups: 
1 . Veh ic les w i t h o u t p o l l u t i o n c o n t r o l systems 
, ( P r e - 1 9 6 8 v e h i c l e s ) 
2 . Veh ic les w i t h p o l l u t i o n c o n t r o l systems 
( P o s t - 1 9 6 7 v e h i c l e s ) 
Reduct ion i n carbon monoxide exhaust p o l l u t a n t s f rom the f i r s t group, 
v e h i c l e s w i t h o u t p o l l u t i o n c o n t r o l s y s t e m s , can be achieved t h r o u g h con­
v e n t i o n a l engine t u n e - u p s . Engine tune -ups t o reduce carbon monoxide, 
f o r example, would r e q u i r e c a r b u r e t o r ad justments o r p o s s i b l y replacement 
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Percentage 
o f Vehic le 
P o p u l a t i o n 
Percentage 
o f Vehic le 
P o p u l a t i o n 
Before I n i t i a l 
Implementat ion 
Grams 
per Mi le 
S t a t e Standard 
Grams 
per M i l e 
Percentage 
o f Vehic le 
P o p u l a t i o n 
After I n i t i a l 
Implementat ion 
Grams 
per M i l e 
F i g u r e 7 . D i s t r i b u t i o n E m i s s i o n s by Vehic le P o p u l a t i o n Near 
Time o f I n i t i a l Implementat ion o f I n s p e c t i o n System 
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o f a m a l f u n c t i o n i n g c a r b u r e t o r . Reduct ion i n exhaust p o l l u t a n t s f rom 
the second group, v e h i c l e s w i t h p o l l u t i o n c o n t r o l s y s t e m s , i s accom­
p l i s h e d i n the f o l l o w i n g ways: 
1 . Engine tune-up 
2 . P roper maintenance o f p o l l u t i o n c o n t r o l sys tems. 
P o l l u t i o n c o n t r o l s y s t e m s , l i k e any o t h e r mechanical s y s t e m , are sub jec t 
t o d e t e r i o r a t i o n . Improper maintenance o r owner neglect can cause mal ­
f u n c t i o n s o f the p o l l u t i o n c o n t r o l s y s t e m s . F i g u r e 8 i s used t o i l l u s ­
t r a t e the e f f e c t o f d e t e r i o r a t i o n o f p o l l u t i o n c o n t r o l systems and 
v e h i c l e s g e t t i n g o u t - o f - t u n e between success ive i n s p e c t i o n s . 
Percentage 
o f Vehic le 
P o p u l a t i o n 
S t a t e Standard 
A f t e r I n s p e c t i o n N 
Grams per M i l e 
Percentage 
o f Vehic le 
P o p u l a t i o n 
B e f o r e Next 
I n s p e c t i o n (N+1) 
Gram? p e r M i l e 
F i g u r e 8 . Increases i n P o l l u t a n t E m i s s i o n s Between I n s p e c t i o n s 
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The s h i f t i n the h is togram i n F i g u r e 8 r e p r e s e n t s an increase i n the 
p o l l u t a n t e m i s s i o n r a t e s between i n s p e c t i o n s . The c e l l w i d t h s i n 
F i g u r e 8 are expressed i n p o l l u t a n t e m i s s i o n r a t e s . As s t a t e d p r e v i ­
o u s l y i n t h i s chapter s h is tograms f o r each v e h i c l e model year are 
r e q u i r e d because o f the p o s s i b i l i t y o f i n d i v i d u a l s t a t e s tandards f o r 
each veh ic le model year . 
One w i l l note the general shape o f the d e t e r i o r a t i o n curve i n 
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F i g u r e 9 . Exhaust E m i s s i o n s v s . Mileage (1968 Model 
C a l i f o r n i a Automobi les , T o t a l P o p u l a t i o n ) 
[ S o u r c e : Reference [ 2 5 , p . 1 3 ] ] 
D e t e r i o r a t i o n i s more r a p i d f o r low cumulat ive mileage than f o r h i g h 
cumulat ive mileage. The r a t e o f increase appears t o be constant above 
approximately 24 ,000 m i l e s . A reasonable assumption would be t h a t 
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v e h i c l e s which are corrected t o meet s t a t e s tandards w i l l d e t e r i o r a t e at 
a constant r a t e be fore the next i n s p e c t i o n . T h i s r a t e w i l l depend upon 
the s lope o f the d e t e r i o r a t i o n curve . 
F o r v e h i c l e s w i t h o u t c o n t r o l systems (p re -1968 v e h i c l e s ) , a 
reasonable assumption t o use f o r e s t i m a t i n g i n c r e a s e s i n p o l l u t a n t 
e m i s s i o n s between success ive i n s p e c t i o n s i s not o b v i o u s . I t would not 
be r e a l i s t i c t o assume t h a t p re -1968 v e h i c l e s which are i n i t i a l l y 
r e q u i r e d t o tune-up t o meet a s t a t e standard w i l l remain i n tune f o r 
the remainder o f the v e h i c l e l i f e . To s i m p l i f y an unders tand ing o f t h e 
problem, a constant r a t e o f increase between success ive i n s p e c t i o n s i s 
a l s o assumed. Since as t ime p r o g r e s s e s , p re -1968 v e h i c l e s r e p r e s e n t a 
decreasing percentage o f the t o t a l v e h i c l e p o p u l a t i o n and a l s o s i n c e 
pre -1968 v e h i c l e s w i l l be d r i v e n l e s s than p o s t - 1 9 6 7 v e h i c l e s , the 
assumption o f a constant r a t e o f increase i n e m i s s i o n s i s j u s t i f i e d . 
The assumption app l i es on ly t o p re -1968 v e h i c l e s which are i n i t i a l l y 
above the s t a t e s t a n d a r d . F o r p re -1968 v e h i c l e s which were i n i t i a l l y 
below the s t a t e s t a n d a r d , i t i s assumed they are i n h e r e n t l y low e m i t t e r s 
o r t h a t they have owners who w i l l keep them i n t u n e . 
Frequency o f I n s p e c t i o n 
Behav ior o f the system over the d e s i r e d t ime span is d i f f i c u l t 
t o v i s u a l i z e . A f t e r the i n i t i a l implementat ion o f the p o l l u t i o n c o n t r o l 
s y s t e m , the problem becomes one o f m a i n t a i n i n g the d e s i r e d c o n t r o l . I f 
an i n s p e c t i o n system were implemented f o r a s h o r t l e n g t h o f t ime and then 
d iscarded , i t i s reasonable t o b e l i e v e the v e h i c l e p o p u l a t i o n , at some 
t ime i n the f u t u r e , would once again reach the upper l i m i t . F i g u r e 10 
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where 
t - A t ^ = p o i n t i n t ime before implementat ion o f the p o l l u t i o n 
c o n t r o l model. 
t = t ime o f i n i t i a l implementat ion and d i s c a r d i n g o f the 
p o l l u t i o n c o n t r o l model. 
t+ht^ = p o i n t i n t ime a f t e r implementat ion o f the p o l l u t i o n 
c o n t r o l model. 
F i g u r e 10. Conceptual I l l u s t r a t i o n o f Implementing a P o l l u t i o n 
C o n t r o l System and Then D i s c a r d i n g t h e System 
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i l l u s t r a t e s the r e s u l t s o f implementing a s y s t e m , then d i s c a r d i n g t h e 
sys tem. The i n f l u e n c e o f the frequency o f i n s p e c t i o n upon the e f f e c ­
t i v e n e s s o f t h e system i s i l l u s t r a t e d i n F i g u r e 1 1 . 
•> Time 
F i g u r e 1 1 . Conceptual I l l u s t r a t i o n o f I n s p e c t i n g at Frequency A t ^ / 5 
I n t h i s s t u d y , annual and b iannua l frequency i s i n v e s t i g a t e d . 
E s t i m a t i n g P o l l u t a n t E m i s s i o n s f o r Veh ic les w i t h 
D e t e r i o r a t i n g P o l l u t i o n C o n t r o l Systems 
F i g u r e 9 i l l u s t r a t e s the e f f e c t o f d e t e r i o r a t i o n o f p o l l u t i o n 
c o n t r o l systems over 50 ,000 m i l e s . E s t i m a t i n g the amount o f p o l l u t i o n 
c o n t r i b u t e d by a v e h i c l e w i t h a d e t e r i o r a t i n g e m i s s i o n c o n t r o l system 
over a g iven t ime span i s a l s o cons idered . F i g u r e 12 i l l u s t r a t e s the 
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problem. I f one were e s t i m a t i n g a r e p r e s e n t a t i v e e m i s s i o n r a t e f o r a 
v e h i c l e between mileage m and mileage m + A m , one would not choose p o i n t 
X o r p o i n t Y . P o i n t X would underest imate the p o l l u t i o n c o n t r i b u t i o n 
and p o i n t Y would overest imate the p o l l u t i o n c o n t r i b u t i o n . A more 
r e p r e s e n t a t i v e e m i s s i o n r a t e f o r the mileage between m and m + A m 









F i g u r e 12 Choosing a R e p r e s e n t a t i v e E m i s s i o n Rate f o r a 
Vehic le Between m and m+Am M i l e s 
U s i n g the same argument as presented i n the p r e v i o u s paragraph, 
the behavior o f the t o t a l veh ic le p o p u l a t i o n would operate at a l e v e l 
shown by the dot ted l i n e i n F i g u r e 1 3 . To j u s t i f y the l a s t statement 
consider F i g u r e 14-. Suppose a l l v e h i c l e s were corrected on 7 / 1 / 7 4 t o 
emit 30 grams o f carbon monoxide per m i l e . On 7 / 1 / 7 5 , the v e h i c l e s 
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F i g u r e 13 . Behav ior o f I n s p e c t i o n System 
Between Time t and Time t + At, 
1 •—•• * — - * — 1 — - ~ - — ! —r-- »!>,.... .,->.. . . . . . . •.,..>> • Time 
7 / 1 / 7 4 7 / 1 / 7 5 I i m e 
F i g u r e 14 . C a l c u l a t i n g R e p r e s e n t a t i v e P o l l u t a n t 
E m i s s i o n s f o r the T o t a l Vehic le P o p u l a t i o n 
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were inspected and found t o be e m i t t i n g 4-0 grams o f carbon monoxide per 
m i l e . A r e p r e s e n t a t i v e e m i s s i o n r a t e between 7/1/74- and 7 / 1 / 7 5 f o r the 
veh ic le popu la t ion would be 35 grams per m i l e . 
Method o f I n v e s t i g a t i o n 
Since e v a l u a t i n g the e f f e c t i v e n e s s o f an automotive i n s p e c t i o n 
system over a given t ime span can r e q u i r e numerous c a l c u l a t i o n s , a 
computer model, denoted P o l l u t i o n C o n t r o l Model (PCM), was developed t o 
make the c a l c u l a t i o n s . The PCM i s w r i t t e n i n F o r t r a n I V . The Georgia 
I n s t i t u t e o f Technology 's Univac 1108 was u t i l i z e d t o make the c a l c u l a ­
t i o n s . C a l c u l a t i o n s f o r one computer p r o c e s s i n g r e q u i r e s approximately 
e i g h t seconds. The o v e r a l l s t r u c t u r e o f the PCM i s shown i n F i g u r e 1 5 . 
D e t a i l s o f E v a l u a t i o n Methodology' 
The remainder o f t h i s chapter d i s c u s s e s the methodology employed 
i n e v a l u a t i n g the e f f e c t i v e n e s s o f i n s p e c t i o n f o r the A t l a n t a M e t r o p o l i ­
tan area between 1975 and 1985 . The d e t a i l s o f the e v a l u a t i o n method­
ology are descr ibed by p r e s e n t i n g the PCM as i t was developed f o r 
i n v e s t i g a t i n g the A t l a n t a M e t r o p o l i t a n area. 
The i n p u t s and o u t p u t s o f the PCM f o r carbon monoxide c a l c u l a t i o n s 
are given i n F i g u r e 1 6 . Design parameters r e p r e s e n t i n g p o p u l a t i o n , r a t i o 
o f v e h i c l e s t o p o p u l a t i o n , e t c . , are i n p u t s t o the PCM. The s t a t e a i r 
p o l l u t i o n c o n t r o l agency has l i t t l e c o n t r o l over the i n p u t design 
parameters s i n c e they are a f fec ted by exogenous f o r c e s . Design v a r i ­
ables such as frequency o f i n s p e c t i o n r e p r e s e n t i n p u t s which the s t a t e 
may r e q u i r e t o evaluate p o l i c y d e c i s i o n s . 
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I n p u t s . 
P o p u l a t i o n e s t i m a t e s , s t a t e 
exhaust p o l l u t a n t s t a n d a r d s , 
e t c . 
Calculate year -by-year 
p o l l u t i o n e m i s s i o n s f rom 
each veh ic le model year 
assuming no i n s p e c t i o n 
Calculate year -by-year 
p o l l u t i o n e m i s s i o n s f rom 
each v e h i c l e model year 
assuming minimum e m i s s i o n 
r a t e s 
Calculate year -by-year 
p o l l u t a n t e m i s s i o n s and 
r e d u c t i o n s t o approximate 
i n s p e c t i o n system behavior 
Output 
1985 
I Maximum p o l l u t i o n i n i = 1 9 6 1 year i 
Output 
1985 
I Minimum p o l l u t i o n i n 




I P o l l u t a n t e m i s s i o n s 
i=1975 i n year i v 
2 . « 
1985. 
P o l l u t a n t reduct ions. 
i=1975 i n y e a r i 
F i g u r e 1 5 . O v e r a l l S t r u c t u r e o f P o l l u t i o n C o n t r o l Model 
Four f l o w diagrams are given i n Appendix A t o i l l u s t r a t e how the i n p u t s 
t o the PCM are u t i l i z e d t o make the necessary c a l c u l a t i o n s . 
Development o f the PCM occurred, i n f i v e b a s i c s t e p s : 
Step 1. Calculate the year -by -year t o t a l number o f 
v e h i c l e s over the t ime span o f i n t e r e s t . 
Step 2. F o r each y e a r , breakdown the t o t a l number 
o f v e h i c l e s i n t o each v e h i c l e model year 
p o p u l a t i o n . 
Step 3. Calculate the p o l l u t a n t e m i s s i o n s assuming 
no i n s p e c t i o n . 
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Step 4. Calculate the p o l l u t a n t e m i s s i o n s assuming 
minimum v e h i c l e e m i s s i o n r a t e s . 
Step 5. Calculate the p o l l u t a n t e m i s s i o n s and r e d u c t i o n s 
t o approximate i n s p e c t i o n system behav ior . 
I n p u t s t o the PCM are d iscussed completely the f i r s t t ime they appear i n 
the development o f the PCM. Data va lues f o r the r e q u i r e d i n p u t s are the 
ones u t i l i z e d t o i n v e s t i g a t e the' A t l a n t a M e t r o p o l i t a n Area. 
Inpu t Design Parameters 
P o p u l a t i o n 
R a t i o o f Veh ic les t o P o p u l a t i o n 
Vehic le P r o b a b i l i t y Age D i s t r i b u t i o n 
Vehic le P r o b a b i l i t y Mileage D i s t r i b u t i o n 
U n c o n t r o l l e d P o l l u t a n t E m i s s i o n Rate 
I n d i c a t o r o f the Degree o f Federa l C o n t r o l 
Federa l Exhaus t P o l l u t a n t Standards 
POLLUTION CONTROL MODEL 
(PCM) 
Outputs 
Max. P o l l u t a n t E m i s s i o n s 
(1961-1985) 
Min . P o l l u t a n t E m i s s i o n s 
(1975 -1985 ) 
E m i s s i o n s w i t h S t a t e I n s p e c t i o n 
(1975-1985) 
I n p u t Design V a r i a b l e s 
S t a t e Exhaust P o l l u t a n t Standards 
F i r s t Year I n s p e c t i o n System i s t o be Implemented 
L a s t Year o f Study P e r i o d 
Annual o r B i a n n u a l I n s p e c t i o n 
F i g u r e 1 6 . I n p u t s and Outputs o f the P o l l u t i o n C o n t r o l Model (PCM) 
Step 1 . T o t a l Number o f Veh ic les 
The t o t a l number o f v e h i c l e s f o r each year o f i n t e r e s t i s ca lcu­
l a t e d by m u l t i p l y i n g the t o t a l p o p u l a t i o n by the r a t i o o f v e h i c l e s t o 
popu la t ion i n each year . T h i s approach was employed because year -by -year 
42 
p r o j e c t i o n s o f the t o t a l number o f v e h i c l e s were not a v a i l a b l e . 
P o p u l a t i o n . The t r e n d i n p o p u l a t i o n growth f o r the M e t r o p o l i t a n 
A t l a n t a Area i s given i n F i g u r e 1 7 . 
2 , 0 0 0 , 0 0 0 ^ 
1 , 0 0 0 , 0 0 0 > 
i ; ,—, , . , «~- Year 
1900 1950 2000 
F i g u r e 1 7 . P r o j e c t e d P o p u l a t i o n , A t l a n t a M e t r o p o l i t a n Area 
(1900-2000) [Source : Reference 3 1 . ] 
P o p u l a t i o n e s t i m a t e s f rom 1961 th rough 1985 are u t i l i z e d i n PCM and are 
given i n Appendix B . 
R a t i o o f Veh ic les t o P o p u l a t i o n . One o f the f i r s t problems faced 
i n t h i s i n v e s t i g a t i o n was e s t i m a t i n g the number o f l i g h t - d u t y v e h i c l e s 
i n 1 9 7 1 - 1 9 8 5 . One a l t e r n a t i v e was t o examine h i s t o r i c a l data and make 
4-3 
p r o j e c t i o n s based upon h i s t o r i c a l g rowth . T h i s approach was not used. 
I n t e r v i e w s w i t h the Georgia Department o f Revenue, Motor Vehicle U n i t , 
and the A t l a n t a Region M e t r o p o l i t a n P l a n n i n g Commission (ARMPC) i n d i c a t e 
s e v e r a l p i t f a l l s i n u s i n g t h i s approach t o f o r e c a s t number o f v e h i c l e s . 
S ince popu la t ion e s t i m a t e s f o r 1971-19 85 and a 19 83 es t imate o f v e h i c l e 
popu la t ion were received f rom ARMPC, the d e c i s i o n was made t o use the 
r a t i o o f l i g h t - d u t y v e h i c l e s t o p o p u l a t i o n as a b a s i s f o r e s t i m a t i n g 
l i g h t - d u t y v e h i c l e s i n u s e . The r e s u l t i n g r a t i o s are presented i n 
F i g u r e 1 8 . 
Number o f passenger cars (1961-19 70) could be obtained d i r e c t l y 
f rom r e g i s t r a t i o n r e c o r d s . L i g h t - d u t y gaso l ine t r u c k s , however, were 
inc luded i n the t o t a l t r u c k r e g i s t r a t i o n r e c o r d s . Mr. James L i n d s e y , 
o f the Georgia Motor Vehic le U n i t , es t imated the l i g h t - d u t y g a s o l i n e 
t r u c k s t o be 80 per cent o f the t o t a l t r u c k p o p u l a t i o n . F o r t h i s 
i n v e s t i g a t i o n , the t o t a l l i g h t - d u t y v e h i c l e p o p u l a t i o n i n use I s assumed 
t o be passenger cars p l u s 80 per cent o f the t o t a l t r u c k p o p u l a t i o n . 
The 1983 es t imate o f v e h i c l e s was 84-1,000 passenger c a r s . To 
o b t a i n the number o f l i g h t - d u t y t r u c k s , the 1983 passenger car es t imate 
was m u l t i p l i e d by 0 . 1 2 9 . The number 0 .129 was r e p r e s e n t a t i v e o f the 
1961-1970 r a t i o o f l i g h t - d u t y t r u c k s t o passenger c a r s . 
One may q u e s t i o n the use o f r e g i s t r a t i o n data t o es t imate actua l 
v e h i c l e s i n u s e . Could u t i l i z i n g r e g i s t r a t i o n data lead t o double 
count ing? F o r i n s t a n c e , i f v e h i c l e X i s r e g i s t e r e d i n A t l a n t a i n 1 9 7 1 
by Mr. A . , then s o l d t o Mr. B . l i v i n g i n A t l a n t a i n 1 9 7 1 , would v e h i c l e 
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1960 1965 1970 1975 1980 1985 
Symbol Source o f Data 
Vehic le ( r e g i s t r a t i o n ) data - Motor Vehic le U n i t , Georgia 
Department o f Revenue 
P o p u l a t i o n data - A t l a n t a Region M e t r o p o l i t a n P l a n n i n g 
Commission 
Vehic le data - A t l a n t a Region M e t r o p o l i t a n P l a n n i n g 
Commission 
P o p u l a t i o n data - A t l a n t a Region M e t r o p o l i t a n P l a n n i n g 
Commission 
A u t h o r ' s es t imate 
F i g u r e 1 8 . P ro jec ted R a t i o o f L i g h t - D u t y Veh ic les t o P o p u l a t i o n 
i n the F i v e County M e t r o p o l i t a n A t l a n t a Area 
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presented by telephone t o Mr. P a u l Mangold o f the Georgia Vehic le U n i t . 
H i s exp lanat ion was t h a t the v e h i c l e i n q u e s t i o n would be counted i n 
1971 as one r e g i s t r a t i o n and one t r a n s f e r o f t i t l e . 
Step 2 . Vehic le Model Year P o p u l a t i o n s and Mileage D i s t r i b u t i o n s 
A f t e r the t o t a l number o f v e h i c l e s had been determined f o r each 
year o f i n t e r e s t , a breakdown o f the t o t a l v e h i c l e popu la t ion i n t o v a r i ­
ous model year p o p u l a t i o n s was r e q u i r e d . The reason f o r c a t e g o r i z i n g 
the t o t a l veh ic le popu la t ion i n t o model year p o p u l a t i o n s i s because the 
amount o f p o l l u t a n t generated by a v e h i c l e v a r i e s depending upon the 
model year o f the v e h i c l e . A l s o , s i n c e the amount o f p o l l u t i o n emi t ted 
by a v e h i c l e depends upon the number o f m i l e s the automobile i s d r i v e n , 
the v e h i c l e mileage per year must be s p e c i f i e d . 
P r o b a b i l i t y Age D i s t r i b u t i o n . The i n p u t v a r i a b l e , p r o b a b i l i t y 
age d i s t r i b u t i o n f o r v e h i c l e s , i s used t o r e p r e s e n t the percentage o f 
passenger cars (ou t o f the t o t a l passenger car p o p u l a t i o n ) o f a g iven 
age. On a nat ionwide b a s i s , the p r o b a b i l i t y age d i s t r i b u t i o n has not 
s i g n i f i c a n t l y changed i n the l a s t t en y e a r s . Al though a v e h i c l e p rob ­
a b i l i t y age d i s t r i b u t i o n i s ca lcu la ted f o r the A t l a n t a M e t r o p o l i t a n Area, 
the i n f o r m a t i o n i s considered c o n f i d e n t i a l . P e r m i s s i o n was obtained from 
R . L . Pope Company t o use nat ionwide data f o r t h i s i n v e s t i g a t i o n . The 
p r o b a b i l i t i e s used i n t h i s research are shown i n Tab le 6 . 
P r o b a b i l i t y Mileage D i s t r i b u t i o n . Tab le 7 g i v e s the annual 
v e h i c l e mileage d r i v e n by a passenger car o f a given age. S ince the 
q u a n t i t y o f p o l l u t a n t s generated by a v e h i c l e i s a f u n c t i o n o f the 
number o f m i l e s d r i v e n , t h i s i s a r e q u i r e d parameter f o r e s t i m a t i n g 
p o l l u t a n t e m i s s i o n s . 
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Table 6 . P r o b a b i l i t y Age D i s t r i b u t i o n 
[ S o u r c e : Reference 3 ] 
Percentage o f T o t a l Percentage o f T o t a l 
Age i n Years Passenger Cars Age i n Years Passenger Cars 
0 - 1 8 .4 7 - 8 6 .3 
1-2 1 1 . 6 8- 9 5 .6 
2-3 1 1 . 3 9-10 4 . 5 
3-4 1 0 . 5 1 0 - 1 1 3 .9 
4 -5 9 .2 11 -12 3 .2 
5-6 8 .5 12 o r More 8.8 
6-7 7 .7 
Tab le 7. Passenger Car Use by Age 
[ S o u r c e : Reference 3 ] 
Annual Vehic le Annual 'Vehicle 
Age i n Years Mileage Age i n Years Mileage 
0 - 1 13 ,200 7- 8 8 ,100 
1-2 12 ,000 8- 9 7 ,300 
2 -3 11 ,000 9-10 7 ,000 
3-4 9 ,600 1 0 - 1 1 5 ,700 
4 -5 9 ,400 11-12 4 ,900 
5-6 8,700 12 o r More 4 ,300 
6-7 8 ,600 
The d i s t r i b u t i o n o f the mileage by v e h i c l e age groups i s necessary t o 
show the year -by-year e f f e c t upon t o t a l p o l l u t a n t q u a n t i t i e s o f o l d e r 
v e h i c l e s dropping out o f the v e h i c l e p o p u l a t i o n . A spread o f 13 years 
was se lec ted f o r t h i s i n v e s t i g a t i o n . 
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Step 3. P o l l u t a n t E m i s s i o n s W i t h o u t I n s p e c t i o n 
|—| if f 
C a l c u l a t i o n o f the p o l l u t a n t e m i s s i o n s w i t h o u t i n s p e c t i o n i s 
necessary t o es t imate an expected maximum amount o f p o l l u t i o n t o be 
generated over a g iven t ime span. The expected maximum amount o f p o l l u ­
t i o n i s used i n the t h r e e equat ions given p r e v i o u s l y i n t h i s chapter t o 
ca lcu la te the measures o f i n s p e c t i o n system e f f e c t i v e n e s s . 
B e f o r e the p o l l u t a n t e m i s s i o n s w i t h o u t s t a t e i n s p e c t i o n can be 
c a l c u l a t e d , the model year v e h i c l e popu la t ion must be d iv ided i n t o two 
groups: v e h i c l e s w i t h o u t exhaust c o n t r o l devices and v e h i c l e s w i t h 
exhaust c o n t r o l dev ices . I f a s t a t e inspection system i s not implemented, 
v e h i c l e s w i t h o u t c o n t r o l devices emi t ted p o l l u t a n t s a t a constant uncon­
t r o l l e d e m i s s i o n r a t e . Veh ic les w i t h exhaust p o l l u t i o n c o n t r o l devices 
emit p o l l u t a n t s based upon the amount o f d e t e r i o r a t i o n o f the exhaust 
c o n t r o l dev ices . D e t e r i o r a t i o n o f c o n t r o l devices i n c r e a s e s as the 
cumulat ive number o f m i l e s a v e h i c l e i s d r i v e n i n c r e a s e s . D i s c u s s i o n o f 
the i n p u t v a r i a b l e s needed t o ca lcu la te p o l l u t a n t e m i s s i o n s f o r con­
t r o l l e d and u n c o n t r o l l e d v e h i c l e s i s now presen ted . 
U n c o n t r o l l e d E m i s s i o n Rate f o r Carbon Monoxide. P r e - 1 9 6 8 l i g h t -
duty v e h i c l e s s o l d n a t i o n w i d e , except f o r C a l i f o r n i a } d id no t have 
exhaust e m i s s i o n c o n t r o l dev ices . The i n p u t v a r i a b l e , u n c o n t r o l l e d 
e m i s s i o n r a t e f o r carbon monoxide, r e p r e s e n t s the average grams o f car ­
bon monoxide emi t ted per m i l e d r i v e n by p re -1968 v e h i c l e s . 
An es t imate o f the average u n c o n t r o l l e d e m i s s i o n r a t e f o r carbon 
monoxide, based upon the 1972 constant: volume sampling (CVS) procedure , 
was received f rom the E n v i r o n m e n t a l P r o t e c t i o n Agency i n A t l a n t a £ 3 4 ] . 
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The u n c o n t r o l l e d e m i s s i o n r a t e was 110 grams per m i l e . I t shou ld be 
noted t h a t at t h i s p o i n t , no i n f o r m a t i o n was a v a i l a b l e t o i n d i c a t e the 
variance o f the u n c o n t r o l l e d e m i s s i o n r a t e f o r p re -1968 v e h i c l e s . 
To f o r m u l a t e a r e p r e s e n t a t i v e e m i s s i o n r a t e d i s t r i b u t i o n f o r 
pre -1968 v e h i c l e s , data f rom a New J e r s e y s tudy were u t i l i z e d [ 3 6 ] . 
Tab le 8 was der ived f rom the New J e r s e y s t u d y . 
Table 8 . Carbon Monoxide D i s t r i b u t i o n f o r P r e - 1 9 6 8 Veh ic les 
(Based upon New J e r s e y T e s t Procedures) 
[ S o u r c e : Reference 3 6 ] 
Percentage o f T o t a l Exhaust Carbon 
P r e - 1 9 6 8 Veh ic les Monoxide E m i s s i o n s 
0 - 1 0 30 gms/mile 
10 - 20 40 
2 0 - 30 45 
30 - 40 50 
4 0 - 50 60 
50 - 60 70 
6 0 - 70 80 
7 0 - 80 110 
80 - 90 135 
90-100 180 
The average grams o f carbon monoxide per m i l e based upon the New Jersey 
data i s 80 . The average grams per m i le based upon the Federa l CVS data 
i s 110 grams per m i l e . U s i n g the r a t i o o f 110 t o 8 0 , the New J e r s e y data 
were ad jus ted t o be r e p r e s e n t a t i v e o f the CVS cycle and i s presented i n 
Table 9 . 
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Table 9 . Carbon Monoxide D i s t r i b u t i o n f o r P r e - 1 9 6 8 
Veh ic les (Based Upon A d j u s t i n g New J e r s e y T e s t 
Procedure Data t o Federa l CVS T e s t Procedure) 
Percentage o f T o t a l Exhaus t Carbon 
P r e - 1 9 6 8 Vehic les Monoxide E m i s s i o n s 
0- 10 4 1 . 1 gms/mile 
1 0 - 20 5 4 . 8 
20 - 30 6 1 . 7 
30 - 40 68 .5 
4 0 - 50 82 .2 
50 - 60 9 5 . 9 
60 - 70 1 1 0 . 0 
70 - 80 150 .7 
80 - 90 185 .0 
90-100 2 4 6 . 6 . 
Knowing the e m i s s i o n r a t e , the number o f v e h i c l e s and the number 
o f m i l e s d r i v e n by pre -1968 v e h i c l e s , the t o t a l p o l l u t a n t f rom pre -1968 
v e h i c l e s i s ; ca lcu la ted . 
I n d i c a t o r o f the Degree Of Federa l C o n t r o l . L i g h t - d u t y v e h i c l e s 
manufactured a f t e r 1967 were r e q u i r e d t o have exhaust gas e m i s s i o n con­
t r o l systems f o r carbon monoxide and hydrocarbons. The degree o f con­
t r o l achieved f o r each v e h i c l e model year s ince 1968 was based upon 
requ i rements e s t a b l i s h e d by Federa l l a w s . Veh ic le -manufac turers have 
devised c o n t r o l systems which i n i t i a l l y (a t approximately 4000 m i l e s ) 
g ive lower exhaust e m i s s i o n s than the Federa l s tandards r e q u i r e . The 
e m i s s i o n l e v e l s at 4000 m i l e s f o r v e h i c l e s w i t h c o n t r o l devices are 
denoted as "base" l e v e l s . The i n p u t v a r i a b l e , I n d i c a t o r o f the Degree 
5 0 
o f Federa l C o n t r o l , i s used t o ca lcu la te base l e v e l e m i s s i o n s f o r 
v e h i c l e s w i t h c o n t r o l dev ices . Carbon monoxide base l e v e l s and-Federal 
s tandards u t i l i z e d i n the PCM computer program are given i n Table 1 0 . 
Base l e v e l s and Federa l s tandards f o r hydrocarbons and n i t r o g e n oxides 
are given i n Appendix C. 
T y p i c a l and a n t i c i p a t e d base l e v e l s f o r 1 9 6 8 - 1 9 7 3 model year 
l i g h t - d u t y v e h i c l e s were received f rom the E n v i r o n m e n t a l P r o t e c t i o n 
Agency i n A t l a n t a [ 3 4 ] . The r a t i o o f the Federa l exhaust standard f o r 
1 9 7 3 model year l i g h t - d u t y v e h i c l e s t o the a n t i c i p a t e d base l e v e l f o r 
1 9 7 3 m o d e l year v e h i c l e s was 1 . 2 6 . B a s e l e v e l s f o r 1 9 7 4 - 1 9 8 5 m o d e l 
year v e h i c l e s were der ived i n two s t e p s : 
1 . Review Federa l l e g i s l a t i v e l i t e r a t u r e t o o b t a i n proposed 
Federa l s tandards [ 1 7 , 1 8 , 1 9 , 2 0 , 2 1 ] . 
2 . Apply the 1 . 2 6 r a t i o o f Federa l e m i s s i o n s tandards to .base 
l e v e l s t o ca lcu la te the appropr ia te base l e v e l s . 
The r a t i o o f the Federa l standard f o r a given year t o the base l e v e l i s 
assumed t o always be 1 . 2 6 f o r carbon monoxide. The assumption o f a 
constant r a t i o was chosen t o s i m p l i f y an unders tand ing o f the model. 
Any es t imate o f base l e v e l e m i s s i o n s f o r f u t u r e v e h i c l e s i s s u b j e c t i v e . 
S ince Federa l laws have p r o v i s i o n s t o a l low v e h i c l e manufacturers a one-
year postponement i n meeting the proposed 1 9 7 5 carbon monoxide e m i s s i o n 
s t a n d a r d , 1 9 7 5 base l e v e l s are equal t o the 1 9 7 4 base l e v e l s . 
D e t e r i o r a t i o n E q u a t i o n s f o r Carbon Monoxide. A f t e r e s t a b l i s h m e n t 
o f base l e v e l e m i s s i o n s f o r v e h i c l e s w i t h c o n t r o l d e v i c e s , the next s tep 
i n v o l v e s e s t i m a t i n g the increase i n p o l l u t i o n f rom the base l e v e l t o a 
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Table 1 0 . Carbon Monoxide Base L e v e l E m i s s i o n s and 
Federa l Exhaust S t a n d a r d s | ( R e p r e s e n t a t i v e 
o f 1972 CVS T e s t Procedure) 
Year 
Base L e v e l * 
Exhaust E m i s s i o n s 
Federa l Exhaus t 
S t a n d a r d * * 
1968 50 .0 gms/mile 63 .0 gms/mile 
1969 50 .0 63 .0 
1970 35 .0 44 .0 
1971 35 .0 4 4 . 0 
1972 31 .0 39 .0 
1973 3 1 . 0 39 .0 
1974 31 .0 39 .0 
1975 31 .0 39 .0 
1976 3 .7 4 . 7 
1977 3 .7 4 . 7 
1978 3 .7 4 . 7 
1979 3 .7 4 . 7 
1980 3 .7 4 . 7 
1981 3 .7 4 . 7 
1982 3 .7 4 . 7 
1983 3 .7 4 . 7 
1984 3 .7 4 . 7 
1985 3 .7 4 . 7 
* T h e base l e v e l i s the p o l l u t a n t e m i s s i o n 
r a t e at 4000 m i l e s f o r v e h i c l e s w i t h exhaust c o n t r o l 
dev ices . P o l l u t a n t e m i s s i o n r a t e s increase f rom the 
base l e v e l s because o f d e t e r i o r a t i o n o f c o n t r o l 
dev ices . 
* * I n t h i s chapter , r e f e r t o d i s c u s s i o n o f 
" I n d i c a t o r o f the Degree o f Federa l C o n t r o l " and 
"Federa l Exhaust S tandards" f o r necessary assump­
t i o n s 
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h i g h e r l e v e l because o f d e t e r i o r a t i o n o f p o l l u t i o n c o n t r o l dev ices . 
D e t e r i o r a t i o n equat ions a l low one t o es t imate d e t e r i o r a t i o n o f c o n t r o l 
dev ices . A value o f 1.0 f o r a d e t e r i o r a t i o n equat ion would imply no 
d e t e r i o r a t i o n o f the exhaust c o n t r o l dev ices . F o r v e h i c l e s w i t h 
exhaust c o n t r o l d e v i c e s , the value o f the d e t e r i o r a t i o n equat ion 
increases as d e t e r i o r a t i o n o f the exhaust c o n t r o l devices occur. 
Two d e t e r i o r a t i o n equat ions per p o l l u t a n t are used i n the PCM 
computer program. F o r carbon monoxide, the two equat ions a re : 
1 . D = ( . 0 0 4 8 ( C C M I S ) + 1 . 0 8 ) ( l - e ( " C C M I S / 2 ) } : 
2 . D = ( . 0 7 6 6 ( C C M I S ) + . 9 3 4 ) ( l - e ( " C C M I S / 2 ) ] 
where, 
D = D e t e r i o r a t i o n v a l u e . 
CCMIS = Cumulative v e h i c l e m i l e s i n thousands (CCMIS>4). 
D e t e r i o r a t i o n equat ions f o r hydrocarbons and n i t r o g e n oxides are g iven 
i n Appendices D and E . Tab le 1 1 g ives va lues o f d e t e r i o r a t i o n v e r s u s 
cumulat ive v e h i c l e m i l e s f o r the two carbon monoxide e q u a t i o n s . 
The f i r s t equation app l ies t o 1968-1975 model year v e h i c l e s . The 
second equat ion app l ies t o 1976 and l a t e r model year v e h i c l e s . Two d i s ­
t i n c t equat ions are used f o r the f o l l o w i n g r e a s o n s : 
1 . The f i r s t equat ion i s r e p r e s e n t a t i v e o f c o n t r o l devices 
i n v o l v i n g engine m o d i f i c a t i o n s . The second equat ion i s r e p r e s e n t a t i v e 
o f add-on c o n t r o l devices such as c a t a l y t i c c o n v e r t e r s which w i l l be 
r e q u i r e d t o meet f u t u r e s t a n d a r d s . 
Table 1 1 . D e t e r i o r a t i o n Versus Cumulative Vehic le Mileage 
Veh ic le Cumulative 
Age Mileage 1968-1975 1976 and 
(Years ) (Thousands) V e h i c l e s L a t e r Veh ic les 
4 .0 1.00 1 .00 
0- 1 1 3 . 2 1 .14 1 .95 
1 - 2 25 .2 1 .20 2 . 8 6 
2 - 3 36 .2 1 .25 3 . 7 1 
3 - 4 4 5 . 8 1.30 4 . 4 4 
4 - 5 55 .2 1 .34 5 .16 
5 - 6 63 .9 1 .39 5 .83 
6 - 7 7 2 . 5 1 .43 6 .49 
7- 8 80 .6 1 .47 7 . 1 1 
8- 9 87 .9 1 .50 7 .67 
9-10 9 4 . 9 1 .54 8 .20 
1 0 - 1 1 1 0 0 . 6 1 .56 8 .64 
11-12 1 0 5 . 5 1 .59 9 .02 
> 12 1 0 9 . 8 1 . 6 1 9 . 3 4 
2 . P r e s e n t l y , t y p i c a l d e t e r i o r a t i o n equat ions e x i s t on ly f o r 
1968-1970 v e h i c l e s s o l d na t ionwide . To s i m p l i f y the model and because 
o f data c o n s t r a i n t s , a minimum number o f d e t e r i o r a t i o n equat ions i s 
used. M o d i f i c a t i o n s could be made t o i n c o r p o r a t e d e t e r i o r a t i o n equa­
t i o n s f o r each v e h i c l e model year as data are analyzed and equat ions 
d e r i v e d . 
The equat ion appl icable t o 1968-1975 model year v e h i c l e s was 
der ived based upon i n f o r m a t i o n received f rom C a l i f o r n i a E25]. The 
second equat ion was der ived by assuming 1976 and l a t e r model year 
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v e h i c l e s would d e t e r i o r a t e t o the 1973 Federa l s tandard over the l i f e ­
t ime (109 ,800 m i l e s ) o f the v e h i c l e . 
The PCM computer program u t i l i z e s the d e t e r i o r a t i o n va lues as 
i l l u s t r a t e d i n the f o l l o w i n g example. Suppose the c o n t r o l l e d carbon 
monoxide e m i s s i o n r a t e f o r 1973 model year v e h i c l e s i s 31 grams per 
m i l e . On J u l y 1 , 1974 a 1973 model year v e h i c l e r e g i s t e r s 25 ,200 m i l e s 
on i t s odometer. The d e t e r i o r a t i o n value assoc ia ted w i t h 25 ,200 m i l e s 
i s 1 . 2 0 . On J u l y 1 , 1975 the odometer r e g i s t e r s 36 ,200 m i l e s . The 
d e t e r i o r a t i o n value at 36 ,200 m i l e s i s 1 . 2 5 . The e m i s s i o n r a t e between 
J u l y 1 , 1974 and J u l y 1 , 1975 would be c a l c u l a t e d as f o l l o w s : 
E m i s s i o n Rate = ( 3 1 g r a m s / m i l e ) ( ( 1 . 2 0 + 1 . 2 5 ) / 2 ) 
= 38 .0 g rams /mi le . 
To ca lcu la te the f i r s t year e m i s s i o n s f o r a new v e h i c l e , the PCM 
program always s e t s the d e t e r i o r a t i o n value equal 1 .0 a t 4 ,000 m i l e s . 
F o r example, suppose a new 1973 model year v e h i c l e i s d r i v e n f o r one 
year and i t s odometer r e g i s t e r s 13 ,200 m i l e s . The d e t e r i o r a t i o n value 
f o r 13 ,200 m i l e s i s ca lcu la ted t o be 1 . 1 4 . The e m i s s i o n r a t e f o r the 
f i r s t year would be ca lcula ted as f o l l o w s : 
E m i s s i o n Rate = ( 3 1 grams/mi le ) ( ( 1 . 0 0 + 1 . 1 4 ) / 2 ) 
= 33 .2 g rams /mi le . 
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Step 4 . P o l l u t a n t E m i s s i o n s Assuming Minimum Vehic le E m i s s i o n Rates 
C a l c u l a t i o n o f the t o t a l . p o l l u t a n t e m i s s i o n s assuming minimum 
v e h i c l e e m i s s i o n r a t e s i s necessary t o prov ide a lower l i m i t es t imate o f 
the amount o f p o l l u t i o n generated over a given t ime span. The est imated 
minimum amount o f p o l l u t i o n i s r e q u i r e d t o ca lcu la te measures o f i n s p e c ­
t i o n system e f f e c t i v e n e s s . 
W i t h the exception o f two d e t a i l s , the procedure i s the same as 
the procedure used t o ca lcu la te maximum p o l l u t a n t e s t i m a t e s . T h a t i s , 
the t o t a l v e h i c l e popu la t ion i s categor ized i n t o model year v e h i c l e 
p o p u l a t i o n s , which are then c l a s s i f i e d as e i t h e r v e h i c l e s w i t h o u t con­
t r o l devices (pre -1968 v e h i c l e s ) o r v e h i c l e s w i t h c o n t r o l devices ( p o s t -
1967 v e h i c l e s ) . At t h i s p o i n t i n the PCM computer program, the minimum 
p o l l u t a n t e m i s s i o n s f rom pre -1968 v e h i c l e s and p o s t - 1 9 6 7 v e h i c l e s are 
ca lculated as d i s c u s s e d below. 
Minimum E m i s s i o n s f rom P r e - 1 9 6 8 V e h i c l e s . E m i s s i o n r e d u c t i o n data 
obtained f rom a New Jersey s tudy i n d i c a t e s 30 per cent i s approximately 
the maximum carbon monoxide r e d u c t i o n s f rom the t o t a l carbon monoxide 
e m i s s i o n s f rom pre -1968 v e h i c l e s [ 3 6 ] . T h e r e f o r e , minimum carbon 
monoxide e m i s s i o n s f o r pre -1968 v e h i c l e s are est imated by c a l c u l a t i n g 
70 per cent o f the t o t a l e m i s s i o n s assuming no i n s p e c t i o n . F o r hydro ­
carbons , minimum e m i s s i o n s f o r pre -1968 v e h i c l e s are est imated by calcu­
l a t i n g 80 per cent o f the t o t a l hydrocarbon e m i s s i o n s f rom pre -1968 
v e h i c l e s [ 3 6 ] . Reduct ions i n p o l l u t a n t s f rom pre -1968 v e h i c l e s i s 
es t imated based upon a l l v e h i c l e s o b t a i n i n g proper engine maintenance 
t o reduce p o l l u t i o n . Other s t r a t e g i e s t o l i m i t exhaust e m i s s i o n s , such 
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as r e q u i r i n g p o l l u t i o n c o n t r o l devices f o r pre -1968 v e h i c l e s , were not 
considered because o f lack o f data . 
Minimum E m i s s i o n s f rom P o s t - 1 9 6 7 V e h i c l e s . Minimum e m i s s i o n s 
f rom p o s t - 1 9 6 7 v e h i c l e s were ca lcula ted by assuming v e h i c l e s would 
d e t e r i o r a t e f rom t h e i r base l e v e l e m i s s i o n s t o the Federa l s t a n d a r d . 
Over the l i f e t i m e o f the v e h i c l e , e m i s s i o n s never exceed Federa l s t a n d ­
ards . 
Federa l Exhaust Standards f o r Carbon Monoxide. Tab le 10 g i v e s 
the Federa l exhaust s tandards f o r carbon monoxide used i n t h i s i n v e s t i ­
g a t i o n . The t a b l e i s based upon i n f o r m a t i o n as o f J u l y 2 , 1 9 7 1 . The 
purpose o f t h i s s e c t i o n i s t o d i s c u s s the Federa l procedures used i n 
t e s t i n g a v e h i c l e ' s compliance w i t h Federa l exhaust s t a n d a r d s . The 
dependence o f numer ica l va lues i n Table 10 t o the t e s t i n g and measure­
ment methods i s i l l u s t r a t e d . 
Numerical va lues i n Table 10 shou ld be considered as r e p r e s e n t a ­
t i v e Federa l exhaust s t a n d a r d s . S e v e r a l f u t u r e va lues have not been 
f i n a l i z e d . A l s o , changes i n Federa l c e r t i f i c a t i o n t e s t i n g o f v e h i c l e s 
can cause d i f f i c u l t i e s i n c a l c u l a t i n g numer ica l va lues which are cor rec t 
r e l a t i v e t o one another . The f o l l o w i n g d i s c u s s i o n i l l u s t r a t e s t h i s l a s t 
p o i n t . 
The Federa l exhaust carbon monoxide standard f o r 1968 and 1969 
model year l i g h t - d u t y v e h i c l e s was expressed as a maximum al lowable con­
c e n t r a t i o n ( v o l . ) . The measurement o f the concent ra t ion was based upon 
a seven mode-seven cycle d r i v i n g cycle [ 1 5 ] . 
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The Federa l exhaust standard f o r 1970 and 1971 model year l i g h t -
duty v e h i c l e s was expressed i n terms o f grams per m i l e . The numer ica l 
value o f the standard was based upon conver t ing carbon monoxide concen­
t r a t i o n s t o the mass standard o f grams per m i l e . To make the conver­
s i o n , a theoretical exhaust gas f l o w r a t e was ca lcu la ted . F o r example, 
the equat ion used t o ca lcu la te the f l o w r a t e f o r v e h i c l e s w i t h automatic 
t r a n s m i s s i o n s was [ 1 6 ] : 
o 
Exhaust volume per m i le = ( - 6 . 6 9 + 0 . 0 2 7 7 W - 0 . 0 0 0 0 0 2 0 1 W ) 
where, 
W = Vehic le i n e r t i a w e i g h t , i n pounds. 
On J u l y 15 and November 1 0 , 1 9 7 0 , the Federa l government pub­
l i s h e d i n f o r m a t i o n on another type o f t e s t procedure t o ca lcu la te grams 
per m i le [ 1 7 , 1 8 ] . T h i s procedure, ca l led Constant Volume Sampling (CVS) , 
i s appl icable t o 1972 model year l i g h t - d u t y v e h i c l e s . CVS was designed 
t o measure true exhaust p o l l u t a n t mass i n s t e a d o f the t h e o r e t i c a l l y 
ca lculated p o l l u t a n t mass. An "exhaust sample bag" c o l l e c t s a p r o p o r ­
t i o n a l p a r t o f the exhaust gases. A f t e r a s p e c i f i e d d r i v i n g cyc le , the 
exhaust gases co l l ec ted by the exhaust sample bag are analyzed f o r the 
v a r i o u s p o l l u t a n t s . The t e s t procedure was designed t o s i m u l a t e a t r i p 
o f 7 .5 m i l e s , s t a r t i n g f rom a cold s t a r t , i n an urban area. A cold 
s t a r t was s p e c i f i e d t o make the t r i p r e p r e s e n t a t i v e o f a t y p i c a l morning 
t r i p . The numer ica l va lues i n Table 10 are based upon data r e p r e s e n t a ­
t i v e o f the 1972 Constant Volume Sampling t e s t procedure. 
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Step 5. P o l l u t a n t E m i s s i o n s and Reduct ions w i t h S t a t e I n s p e c t i o n 
P o l l u t a n t e m i s s i o n s and r e d u c t i o n s w i t h s t a t e i n s p e c t i o n r e p r e ­
sen t the l a s t s tep r e q u i r e d t o ob ta in data values f o r e v a l u a t i n g i n s p e c ­
t i o n system e f f e c t i v e n e s s . Step 3 descr ibed the procedure f o r e s t i m a t i n g 
an upper l i m i t f o r the q u a n t i t y o f p o l l u t a n t e m i s s i o n s . Step 4 presented 
the procedure f o r e s t i m a t i n g a lower l i m i t f o r the q u a n t i t y o f p o l l u t a n t 
e m i s s i o n s . The data va lues ca lcula ted f o r Step 5 w i l l l i e between the 
va lues obtained i n Step 3 and Step 5 . The d i s c u s s i o n f o r the remainder 
o f Step 5 i s as f o l l o w s : 
1 . S t a t e s tandards f o r carbon monoxide. 
2 . Frequency o f i n s p e c t i o n . 
3 . F i r s t year p o l l u t a n t r e d u c t i o n s . 
4 . P o l l u t a n t e m i s s i o n s and r e d u c t i o n s a f t e r the f i r s t year . 
S t a t e Standards f o r Exhaust Carbon Monoxide. Table 12 g i v e s the 
s t a t e s tandards f o r exhaust carbon monoxide used i n t h i s i n v e s t i g a t i o n . 
The s tandards are expressed i n terms o f the Federa l CVS t e s t procedure. 
R e a l i s t i c a l l y , numerical va lues chosen f o r s t a t e s tandards would r e l a t e 
t o va lues based upon d i a g n o s t i c t e s t procedures which have good c o r r e l a ­
t i o n w i t h the Federa l CVS t e s t procedures. 
S t a t e s tandards appl icable t o p o s t - 1 9 6 7 v e h i c l e s were chosen t o 
be 10 per cent above Federa l S t a n d a r d s . Ten per cent r e p r e s e n t s a l e v e l 
which would i n s u r e good c o n t r o l over t h e v e h i c l e p o p u l a t i o n . S t a t e 
s tandards i n t h i s i n v e s t i g a t i o n were chosen t o be above the Federa l 
s tandards as opposed t o equal the Federa l s t a n d a r d s , f o r the f o l l o w i n g 
reason . Assembly l i n e t e s t i n g o f new v e h i c l e s i s not r e q u i r e d by law. 
59 
Tab le 1 2 . Carbon Monoxide S t a t e Standards 
Year 
Maximum Al lowable 
Exhaust E m i s s i o n s " Year 
Maximum Al lowable 
Exhaust E m i s s i o n s " 
P r e - 1 9 6 8 95 .9 gms/mile 1977 5 2 gms/mile 
1968 69 .3 1978 5 2 
1969 69 .3 1979 5 2 
1970 48 .4 1980 5 2 
1971 48 .4 1981 5 2 
1972 42 .9 1982 5 2 
1973 42 .9 1983 5 2 
1974 42 .9 1984 5 2 
1975 42 .9 1985 5 2 
1976 5 .2 
"Numerical va lues are expressed i n terms o f the 1972 
Federa l CVS t e s t procedure t o a l low comparison with the 
Federa l s t a n d a r d s . 
T h e r e f o r e , a s t a t e could not guarantee w i t h 100 per cent c e r t a i n t y t h a t 
an i n d i v i d u a l v e h i c l e was capable o f meeting the Federa l s t a n d a r d . To • 
r e f l e c t t h i s problem o f random v a r i a t i o n , the margin o f 10 per cent 
above the Federa l s tandard was chosen on the advice o f Mr. Rober t Col lom, 
D i r e c t o r , Georgia A i r Q u a l i t y C o n t r o l Branch. 
F o r p re -1968 v e h i c l e s , the s t a t e standard was e s t a b l i s h e d at a 
p o i n t which would give 30 per cent r e d u c t i o n i n t o t a l carbon monoxide 
e m i s s i o n s f rom pre -1968 v e h i c l e s . Based upon a New J e r s e y s t u d y , 
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30 per cent approaches the maximum r e d u c t i o n s (assuming engine tune-up 
on ly ) which can be expected f rom t h i s group o f v e h i c l e s [ 3 6 ] . 
Frequency o f I n s p e c t i o n . S e v e r a l f requenc ies o f i n s p e c t i o n were 
i n i t i a l l y considered f o r t h i s i n v e s t i g a t i o n . C o n s i d e r i n g computer t ime 
c o s t , the d e c i s i o n was made t o l i m i t the i n v e s t i g a t i o n t o annual and 
b iannual i n s p e c t i o n . 
F i r s t Year P o l l u t a n t R e d u c t i o n s . The f i r s t year o f i n s p e c t i o n 
system implementat ion i s i m p o r t a n t . S e v e r a l c a l c u l a t i o n s were r e q u i r e d 
t o give i n f o r m a t i o n concerning the i n i t i a l behavior o f the i n s p e c t i o n 
system. The var ious types of informat ion are shown i n F i g u r e 1 9 . 
To ca lcu la te the number o f v e h i c l e s above and below the s t a t e 
s t a n d a r d s , v e h i c l e d i s t r i b u t i o n as measured by p o l l u t a n t e m i s s i o n r a t e 
was r e q u i r e d . F o r p re -1968 v e h i c l e s N e w J e r s e y data was used . F o r 
1968 and p o s t - 1 9 6 8 v e h i c l e s , a normal d i s t r i b u t i o n i s assumed. Based 
upon data given i n Table 1 3 , the average carbon monoxide s tandard d e v i ­
a t i o n f o r v e h i c l e s w i t h c o n t r o l devices was ca lculated t o be .032 t i m e s 
the mean emiss ion va lue . R e a l i z i n g t h a t f u t u r e data could i n d i c a t e the 
value .032 was not r e p r e s e n t a t i v e , the PCM was w r i t t e n t o r e q u i r e chang­
i n g on ly one equat ion per p o l l u t a n t t o make m o d i f i c a t i o n s . 
C a l c u l a t i o n o f p o l l u t a n t r e d u c t i o n s are f i r s t made f o r p re -1968 
v e h i c l e s . The t o t a l r e d u c t i o n s are est imated by c a l c u l a t i n g 30 per cent 
of^ the t o t a l e m i s s i o n s f rom pre -1968 v e h i c l e s assuming no i n s p e c t i o n . A 
h is togram o f the v e h i c l e d i s t r i b u t i o n a f t e r r e d u c t i o n s are achieved i s 
inc luded i n the computer program. O v e r a l l e s t i m a t e s o f r e d u c t i o n s are 
j u s t i f i e d because o f lack o f b e t t e r data . 
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PROJECTED F I R S T YEAR REDUCTION OF AUTOMOTIVE CO EMISSIONS 
WITH INSPECTION (FIVE-COUNTY METRO ATLANTA AREA) 
Basic Assumptions 
1. All vehicles will be inspected within the calendar year. 
2. All vehicles will be inspected on a short-cycle test. 
Veh ic les Veh ic les Percentage T o t a l CO E m i s s i o n 
Vehic le Below Above o f T o t a l Reduct ions ( T o n s ) 
Calendar Model S t a t e S t a t e Above From Upper 
Year Year Standard Standard Standard L i m i t 
1975 1975 71 ,347 0 
1974 98 ,526 0 
1973 95 ,978 0 
1972 88 ,982 201 
1971 69 ,742 8,399 
1970 41 ,820 30 ,376 
1969 28 ,544 36 ,857 
1968 8 ,233 45 ,277 
1967 20 ,565 13 ,710 
1966 1 5 , 3 2 6 10 ,218 
1965 1 2 , 3 7 1 8 ,248 
1964 9,430 6 ,287 
1963 24 ,020 16 ,014 
20 .7 . . . . . . 47 ,916 . 
F i g u r e 1 9 . Example P r i n t o u t G iv ing F i r s t Year 
Behav ior o f the I n s p e c t i o n System 
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Tab le 1 3 . Gross R e g r e s s i o n Data , Carbon Monoxide 
(?in : lPer C e n t ) , 95 Per Gent Confidence 
L i m i t s , 1968 Model Year C a l i f o r n i a 
Autos [Source: : Reference 25] 
Lower Mean Upper 
Manufacturer Mileage L i m i t Value L i m i t 
C h r y s l e r 4,000 0.92 0.98 1.04 
8,000 0.98 1.04 1.10 
16,000 1.04 1.10 1.17 
24,000 1.07 1.14 1.22 
32,000 1.09 1.17 1.26 
40,000 1.10 1.19 1.29 
50,000 1.12 1.22 1.32 
F o r d 4,000 0.87 0.93 0.99 
8,ooo 0.95 1.00 1.06 
16,000 1.03 1.09 1.15 
24,000 1.07 1.14 1.22 
32,000 1.10 1.18 1.27 
40,000 1.12 1.21 • 1.31 
50,000 1.14 1.24 1.35 
General Motors 4,000 1.11 1.15 1.20 
8,000 1.23 1.27 1.31 
16,000 1.35 1.40 1.45 
24,000 1.43 1.48 1.54i 
32,000 1.48 1.54 1.61* 
40,000 1.52 1.59 1.67 
50,000 1.56 1.64 . 1.73 
To ca lcu la te e m i s s i o n r e d u c t i o n s f rom p o s t - 1 9 6 7 v e h i c l e s , h i s t o ­
grams o f the v e h i c l e d i s t r i b u t i o n as measured by p o l l u t a n t e m i s s i o n r a t e 
are a l s o e s t a b l i s h e d . A h is togram i s e s t a b l i s h e d f o r eadh v e h i c l e model 
year . Three s t e p s f o r each v e h i c l e model year are r e q u i r e d t o b u i l d the 
h i s t o g r a m s . F i r s t , the mean e m i s s i o n r a t e must be ca lcu la ted . T h i s i s 
ca lcu la ted by m u l t i p l y i n g the base l e v e l e m i s s i o n r a t e t imes the d e t e r i ­
o r a t i o n f a c t o r . Second, the s tandard d e v i a t i o n o f the v e h i c l e p o p u l a t i o n 
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i s ca lcu la ted . The standard d e v i a t i o n i s a f u n c t i o n o f the mean emis ­
s i o n r a t e . T h i r d , given the mean e m i s s i o n r a t e and the standard dev ia - > 
t i o n , h is tograms c o n s i s t i n g o f 13 elements each are c o n s t r u c t e d . S ince 
i t would be meaningless t o know the e m i s s i o n r a t e s w i t h o u t knowledge o f 
the number o f v e h i c l e s associa ted w i t h the e m i s s i o n r a t e , a h is togram 
r e p r e s e n t i n g the f r a c t i o n o f v e h i c l e s o f a g iven model year i s a l s o 
c o n s t r u c t e d . T h i s h i s t o g r a m i s a l s o composed o f 13 elements which cor ­
respond t o the 13 elements o f the e m i s s i o n r a t e h i s t o g r a m . 
To es t imate r e d u c t i o n s , a l l elements o f the e m i s s i o n r a t e h i s t o ­
grams which are above the s t a t e s tandards are reduced t o the s t a t e 
s t a n d a r d s . F o r each element o f the h i s t o g r a m s above the s t a t e s t a n d a r d s , 
r e d u c t i o n s are calculated by f i r s t t a k i n g the d i f f e r e n c e i n the e m i s s i o n s 
before the r e d u c t i o n and e m i s s i o n s at the s t a t e s t a n d a r d . S ince the 
number o f v e h i c l e s associa ted w i t h each element o f the e m i s s i o n r a t e 
h is togram i s known, the t o t a l r e d u c t i o n s can be ca lcu la ted . 
P o l l u t a n t E m i s s i o n s and Reduct ions A f t e r the F i r s t Year . A f t e r 
the f i r s t year o f the i n s p e c t i o n s y s t e m , v e h i c l e s have a l l been corrected 
t o the s t a t e s t a n d a r d s . ( I f a b iannua l i n s p e c t i o n frequency i s chosen t o 
be implemented, only o n e - h a l f the v e h i c l e s are assumed t o be inspected 
and, t h e r e f o r e , r e d u c t i o n s are equal t o o n e - h a l f the r e d u c t i o n s calcu­
l a t e d f o r an annual i n s p e c t i o n f requency ) . The problem t o be i n v e s t i ­
gated now i s the behavior o f the i n s p e c t i o n system a f t e r the f i r s t year 
o f i n s p e c t i o n system implementat ion . F i g u r e 20 g ives an example ca lcu­
l a t i o n made i n computing behavior o f an annual i n s p e c t i o n sys tem. 
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PROJECTED AUTOMOTIVE CO EMISSIONS WITH INSPECTION 
Calendar 
Year 
T o t a l CO 
E m i s s i o n s ( T o n s ) 
Reduct ion f rom T o t a l 
CO E m i s s i o n s ( T o n s ) 
1976 367,943 4 , 2 9 4 
1977 329 ,113 7 ,935 
1978 281 ,666 10 ,830 
1979 246,161 13 ,139 
1980 208 ,225 1 4 , 7 9 6 
1981 178 ,937 1 6 , 2 3 4 
1982 146 ,783 17 ,397 
1983 127 ,798 18 ,280 
1984 110 ,642 18 ,795 
19 85 98 ,903 19 ,148 
F i g u r e 20 . Example P r i n t o u t G iv ing Behav ior 
o f the I n s p e c t i o n System A f t e r the 
F i r s t Year o f Implementat ion 
A constant r a t e o f increase i n the p o l l u t a n t e m i s s i o n r a t e f o r 
each v e h i c l e model year i s ca lcu la ted . The constant r a t e o f increase i s 
u t i l i z e d as i l l u s t r a t e d below: 
X = X_ + S ( M ) 1 o n 
Basic Assumptions 
1. All vehicles will be inspected on a short-cycle test. 
2. All vehicles will be inspected each year. 
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= The end o f the year e m i s s i o n r a t e f o r a p a r t i c u l a r 
element i n the e m i s s i o n r a t e h is togram ( g r a m s / m i l e ) . 
Xq = The beginning o f the year e m i s s i o n r a t e f o r a p a r t i c u l a r 
element i n the e m i s s i o n r a t e h is togram ( g r a m s / m i l e ) . 
S = Constant r a t e o f increase i n p o l l u t a n t e m i s s i o n r a t e 
( g r a m s / m i l e / m i l e ) . 
M = Number o f m i l e s d r i v e n i n a given year by a v e h i c l e o f 
n age n . 
F o r p re -1968 v e h i c l e s , the constant r a t e o f increase f o r carbon monoxide 
was ca lcula ted based upon an 1 1 gram per m i l e increase over 10 ,000 
m i l e s . F o r hydrocarbons, the constant r a t e of i n c r e a s e f rom pre -1968 
v e h i c l e s was assumed t o be a 1 .3 gram per m i l e increase i n 10 ,000 m i l e s . 
S ince pre -1968 v e h i c l e s do not have c o n t r o l d e v i c e s , these va lues are 
assumed t o be r e p r e s e n t a t i v e o f v e h i c l e s which would have d e f e c t i v e 
spark p l u g s , c a r b u r e t o r s , o r o t h e r engine m a l f u n c t i o n s . 
F o r p o s t - 1 9 6 7 v e h i c l e s , the constant r a t e o f increase was ca lcu­
l a t e d based upon the increase i n the p o l l u t a n t e m i s s i o n r a t e between 
50 ,000 m i l e s and 60 ,000 m i l e s f o r each v e h i c l e model year . The number 
50 ,000 m i l e s was chosen because C a l i f o r n i a data i n d i c a t e e m i s s i o n s can 
begin t o exceed Federa l s tandards a t approximately t h i s mileage l e v e l . 
An i n s p e c t i o n system would be designed t o a s s u r e an e m i s s i o n s r a t e t h a t 
approximates the Federa l s t a n d a r d s . 
A f t e r the constant r a t e s o f p o l l u t a n t increases have been ca lcu­
l a t e d , the f o l l o w i n g cycle o f events occurs f o r each year o f 
i n v e s t i g a t i o n : 
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1. H is tograms are e s t a b l i s h e d f o r each new v e h i c l e model year 
in t roduced i n t o the v e h i c l e p o p u l a t i o n . 
2. Constant r a t e s o f p o l l u t a n t increase are added t o each p o l ­
l u t a n t e m i s s i o n r a t e h is togram (except the h i s t o g r a m e s t a b l i s h e d i n 
Step 1). 
3. T o t a l p o l l u t a n t e m i s s i o n s are ca lcu la ted . 
4 . A l l elements o f each e m i s s i o n r a t e h is togram are compared 
t o the s t a t e s t a n d a r d s . 
5 . H is togram elements above the s t a t e s tandards are reduced t o 
the s t a t e s t a n d a r d . P o l l u t a n t r e d u c t i o n s are s i m u l t a n e o u s l y ca lcula ted 
i n t h i s s t e p . 
6 . T o t a l p o l l u t a n t e m i s s i o n s and t o t a l p o l l u t a n t r e d u c t i o n s are' 
p r i n t e d . 
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CHAPTER V 
MEASURES OF COST AND PERFORMANCE 
I n t r o d u c t i o n 
To determine the f e a s i b i l i t y o f v a r i o u s methods o f i n s p e c t i n g 
au tomobi les , two impor tan t parameters were considered. F i r s t , the cost 
o f i n s p e c t i o n and second the v e h i c l e w a i t i n g t ime assoc ia ted w i t h the 
i n s p e c t i o n . I n t h i s i n v e s t i g a t i o n , t h r e e measures o f the cos t o f an 
i n s p e c t i o n system are e s t i m a t e d ; they are investment c o s t , t o t a l equiva­
l e n t annual c o s t , and breakeven cost per v e h i c l e . 
T h i s chapter descr ibes the methods employed t o measure the cost 
and r e l a t e d v e h i c l e w a i t i n g t imes f o r v a r i o u s i n s p e c t i o n system c o n f i g ­
u r a t i o n s . The f i r s t s e c t i o n o f the chapter g ives the r e q u i r e d assump­
t i o n s . Nex t , the method o f eva lua t ion i s explained f o l l o w e d by the 
d e t a i l s o f the eva lua t ion methodology. 
I n s p e c t i o n System C o n f i g u r a t i o n Assumptions 
Permanent F a c i l i t i e s 
S e v e r a l a l t e r n a t i v e s were i n i t i a l l y considered f o r i n s p e c t i n g 
v e h i c l e s . B r i e f l y s t a t e d , they a re : 
1 . U t i l i z e e x i s t i n g s a f e t y i n s p e c t i o n s e r v i c e s t a t i o n s . 
2 . U t i l i z e shopping center park ing l o t s . 
3 . U t i l i z e a downtown park ing l o t p l u s shopping center 
pa rk ing l o t s . 
4 . U t i l i z e permanent f a c i l i t i e s owned and operated by 
s t a t e p e r s o n n e l . 
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Since a s h o r t cycle type o f t e s t , r e q u i r i n g a c h a s s i s dynamometer, was 
considered e s s e n t i a l f o r measuring exhaust e m i s s i o n s , u t i l i z a t i o n o f 
the e x i s t i n g s a f e t y i n s p e c t i o n s e r v i c e s t a t i o n s i s q u e s t i o n a b l e . 
U t i l i z i n g shopping center pa rk ing l o t s would r e q u i r e mobile f a c i l i t i e s . 
Mobile f a c i l i t i e s are a l s o quest ionab le s ince d e l i c a t e t e s t i n g equip­
ment w i l l be r e q u i r e d t o inspec t a la rge volume o f v e h i c l e s . 
The assumption i s made t h a t permanent f a c i l i t i e s , s t a t e owned 
and operated, w i l l be used t o i n s p e c t v e h i c l e s . T h i s would a l low 
v e h i c l e i n s p e c t i o n t o be performed u t i l i z i n g a s h o r t cycle t e s t . A l s o , 
i t i s reasonable t o be l i eve permanent f a c i l i t i e s are more capable ( than 
mobile f a c i l i t i e s ) o f i n s p e c t i n g the t o t a l v e h i c l e popu la t ion i n the 
A t l a n t a M e t r o p o l i t a n Area. F i g u r e 21 i l l u s t r a t e s the b a s i c f l o o r p lan 
f o r a one and a f i v e lane f a c i l i t y . 
I n s p e c t i o n System C h a r a c t e r i s t i c s 
S i x c h a r a c t e r i s t i c s o f the i n s p e c t i o n system a f f e c t the cost o f 
i n s p e c t i o n . They a r e : 
1 . Veh ic les are inspected on a s h o r t cycle d i a g n o s t i c t e s t . 
2 . I n s p e c t i o n f a c i l i t i e s operate 250 days per y e a r , 8 h o u r s 
per day. 
3 . Veh ic les are assumed t o a r r i v e at the i n s p e c t i o n f a c i l i t y 
according t o a P o i s s o n p r o b a b i l i t y d e n s i t y f u n c t i o n (random but at a 
c e r t a i n average a r r i v a l r a t e ) . 
4 . Veh ic les are assumed t o be inspected completely at a constant 
s e r v i c e t ime o f 15 m i n u t e s . 















F i v e Lane I n s p e c t i o n F a c i l i t y 
F i g u r e 2 1 . One and F i v e Lane I n s p e c t i o n 
F a c i l i t i e s ( B a s i c F l o o r P l a n s ) 
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6 . Approximately 20 per cent o f the v e h i c l e s are assumed t o f a i l 
the i n s p e c t i o n t e s t and t h e r e f o r e , w i l l r e q u i r e a recheck. 
Types o f I n s p e c t i o n System C o n f i g u r a t i o n s Eva luated 
I n s p e c t i o n system c o n f i g u r a t i o n s evaluated i n t h i s i n v e s t i g a t i o n 
are: 
1 . A l l one lane i n s p e c t i o n f a c i l i t i e s , 
2 . A l l two lane i n s p e c t i o n f a c i l i t i e s , 
3. A l l t h r e e lane i n s p e c t i o n f a c i l i t i e s , 
4 . A l l f o u r lane i n s p e c t i o n f a c i l i t i e s , 
5. A l l f i v e lane i n s p e c t i o n f a c i l i t i e s . 
Method o f E v a l u a t i o n 
Since the cost associa ted w i t h s e v e r a l i n s p e c t i o n system c o n f i g ­
u r a t i o n s i s o f i n t e r e s t i n t h i s s tudy , a computer model was developed 
t o generate i n s p e c t i o n system c o n f i g u r a t i o n s and compute t h e i r c o s t s . 
F i g u r e 22 g ives the i n p u t s and o u t p u t s r e q u i r e d f o r the cost model, 
denoted CM. Design parameters r e p r e s e n t i n g p o p u l a t i o n , r a t i o o f v e h i c l e s 
t o p o p u l a t i o n , e t c . , are i n p u t s t o the cost and w a i t i n g t ime c a l c u l a ­
t i o n s . The s t a t e a i r p o l l u t i o n c o n t r o l agency has l i t t l e c o n t r o l over 
the i n p u t design parameters s ince they are a f fec ted by exogenous f o r c e s . 
I n p u t design v a r i a b l e , such as annual o r b iannua l i n s p e c t i o n , are 
u t i l i z e d t o evaluate p o l i c y d e c i s i o n s . 
The CM computer program i s w r i t t e n i n F o r t r a n I V . The CM was 
processed on the Georgia I n s t i t u t e o f Technology 's Univac 1108 . Approx­
imate ly 4-0 seconds per e v a l u a t i o n are r e q u i r e d . W a i t i n g t ime c a l c u l a ­
t i o n s account f o r the bu lk o f the computer t i m e . 
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Inpu t Design Parameters 
F a c i l i t y Space Requirements 
Popu la t ion 
R a t i o o f Veh ic les t o P o p u l a t i o n 
I n t e r e s t Rate 
Cost o f Land 
Cost o f B u i l d i n g C o n s t r u c t i o n 
Cost o f Paving 
Cost o f T e s t Equipment 
Cost o f O f f i c e Equipment 
Cost o f S a l a r i e s 
Outputs 
Number o f F a c i l i t i e s 
U t i l i z a t i o n 
Investment Cost 
Annual Cost 
Cost per v e h i c l e 
T o t a l Expected W a i t i n g Time 
Input Design V a r i a b l e s 
Annual o r B i a n n u a l I n s p e c t i o n 
Design Capacity 
F i g u r e 22 . I n p u t s and Outputs o f the Cost Model 
D e t a i l s o f E v a l u a t i o n Methodology 
The remainder o f t h i s chapter d i s c u s s e s the methodology employed 
i n e v a l u a t i n g the cost o f i n s p e c t i o n f o r the A t l a n t a M e t r o p o l i t a n Area 
between 1975 and 1985 . The expected w a i t i n g t ime c a l c u l a t i o n s are a l s o 
p resented . 
The CM was u t i l i z e d t o make the c a l c u l a t i o n s o f c o s t s and w a i t i n g 
t i m e . A f l o w diagram o f the CM c a l c u l a t i o n s i s given i n Appendix F . 
F i g u r e 22 g ives the i n p u t s and o u t p u t s o f the CM. 
E s t i m a t i n g the Minimum Number o f F a c i l i t i e s Required 
When d e s i g n i n g f o r the minimum number o f f a c i l i t i e s r e q u i r e d t o 
inspec t v e h i c l e s i n the A t l a n t a M e t r o p o l i t a n Area , a s a f e t y f a c t o r 
COST MODEL (CM) 
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should be considered t o a l low f o r equipment breakdowns, t e s t equipment 
c a l i b r a t i o n s , v e h i c l e rechecks above the assumed 20 per cent and p o s s i b l e 
underest imates o f v e h i c l e p o p u l a t i o n . F o r these r e a s o n s , the minimum 
number o f r e q u i r e d f a c i l i t i e s i s ca lcu la ted based upon the i n s p e c t i o n 
system reaching a given design capacity by 1985 . The design capacity 
i s an i n p u t v a r i a b l e t o the CM and was chosen t o be 80 per cent f o r t h i s 
i n v e s t i g a t i o n . Des ign ing f o r 80 per cent capacity by 1985 a l l o w s the 
i n s p e c t i o n system t o begin i n 1975 w i t h a capacity o f approximately 72 
per cent . A l s o , des ign ing f o r 72-80 per cent capacity a l lows f l e x i ­
b i l i t y t o add i n s p e c t i o n o f d i e s e l s o r o t h e r types o f mobile combustion 
sources t o t h e s t a t e i n s p e c t i o n . Other s t u d i e s have used a s i m i l a r 
approach t o r e f l e c t a r e a l i s t i c i n s p e c t i o n system [ 7 ] . The number o f 
v e h i c l e s t o be inspected i n 1985 i s est imated t o be 959 ,560 ( i f annual 
i n s p e c t i o n i s i n s t i t u t e d ) o r H-79,780 ( i f ' b i a n n u a l i n s p e c t i o n i s i n s t i ­
t u t e d ) . 
The b a s i c equat ion used t o ca lcu la te the minimum number o f 
f a c i l i t i e s 
N 
F = 
( 2 5 0 ) ( 8 ) ( 4 ) S 
where, 
F ' = Minimum number o f f a c i l i t i e s . 
N = Number o f v e h i c l e s t o be i n s p e c t e d i n 1985 . 
R = F r a c t i o n o f N f a i l i n g the i n s p e c t i o n t e s t . 
C = Design capacity (expressed as a f r a c t i o n ) . 
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250 = Days per year an i n s p e c t i o n f a c i l i t y i s open t o the p u b l i c . 
8 = Hours per day an i n s p e c t i o n f a c i l i t y i s open t o the p u b l i c . 
4 = Maximum s e r v i c e r a t e ( v e h i c l e s / l a n e / h o u r ) . 
5 = Number o f lanes ( 1 - 5 ) per f a c i l i t y . 
Investment Cost C a l c u l a t i o n s 
F a c i l i t i e s . Table 14- g ives area requ i rements and cos t f a c t o r s 
used i n t h i s i n v e s t i g a t i o n t o e s t i m a t e inves tments i n f a c i l i t i e s . Area 
requ i rements are based on a s tudy by Clayton Manufactur ing Company f o r 
the s t a t e o f W i s c o n s i n [ 7 ] , 
Table 14-. Space Requirements and Investment 
Cost F a c t o r s per F a c i l i t y 
Space Requirements 
(Square F e e t ) 
F a c i l i t y L a n d a B u i l d i n g 1 3 
c 
P a v i n g . ^ 
One Lane 33 ,750 1 ,800 31 ,950 
Two Lane 38 ,750 2 ,400 36 ,350 
Three Lane 4-3,750 3,000 40 ,750 
Four Lane 48 ,750 3,600 45 ,150 
F i v e Lane 53 ,750 4 ,200 49 ,550 
NOTE: a. Land at $. , 2 2 / s q . f t . 
b. B u i l d i n g c o n s t r u c t i o n at $ 1 0 / s q . f t . 
c. Paving at $ . 3 3 / s q . f t . 
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The cost o f land f o r t h i s i n v e s t i g a t i o n i s based upon $10,000 per 
acre. T h i s number i s an average f o r M e t r o p o l i t a n A t l a n t a ( A u g u s t , 1971) 
and was obtained f rom the Department o f Real E s t a t e and Urban A f f a i r s , 
Georgia S t a t e U n i v e r s i t y , A t l a n t a , Georgia. 
The cost o f c o n s t r u c t i o n v a r i e s depending upon f a c t o r s such as 
type o f c o n s t r u c t i o n m a t e r i a l used and s i z e o f the f a c i l i t i e s . S e v e r a l 
c o n s t r u c t i o n companies i n the M e t r o p o l i t a n A t l a n t a area es t imate the 
cost o f b u i l d i n g c o n s t r u c t i o n ranges f rom $8 t o $12 per square f o o t . 
The average cost o f a s p h a l t paving i n the A t l a n t a M e t r o p o l i t a n 
area i s $ .33 per square f o o t . The number was provided by the Georgia 
Asphal t Paving A s s o c i a t i o n and a l a rge c o n s t r u c t i o n company i n A t l a n t a . 
S i t e p r e p a r a t i o n i s est imated t o be 5 per cent o f the b u i l d i n g cost E7]. 
Equipment. The cost o f o f f i c e equipment i s est imated t o be 
$2500 per f a c i l i t y [ 7 ] , T h i s i n c l u d e s expendi tures f o r i tems such as 
t y p e w r i t e r s , c h a i r s , t a b l e s , and desk f o r the i n s p e c t i o n f a c i l i t y . 
The cost o f r e q u i r e d t e s t equipment i s based upon i n f o r m a t i o n 
received f rom Clayton Manufactur ing Company E8j. D r . Samuel S h e l t o n , 
School o f Mechanical E n g i n e e r i n g , Georgia I n s t i t u t e o f Technology, 
a s s i s t e d i n de te rmin ing equipment needs f o r a d i a g n o s t i c type o f i n s p e c ­
t i o n t e s t . The investment i n t e s t equipment per i n s p e c t i o n lane i s as 
f o l l o w s : 
1 . C h a s s i s dynamometer 
( f o r steady s t a t e t e s t i n g ) $1 ,853 
2 . Suppressed zero MPH i n s t r u m e n t 
f o r c e i l i n g mount 225 
3 . Readout panels (MPH/C0/HC/N0) 779 
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4 . Exhaust gas analyzers (CO/HC/NO) ^ j 3 ,000 
5 . I n s t a l l a t i o n 1 ,025 
$6 ,882 
T o t a l E q u i v a l e n t Annual Cost 
F i x e d Annual C o s t . To determine equ iva len t annual c o s t , an 8 
per cent i n t e r e s t r a t e i s used . S ince the p u b l i c w i l l be f i n a n c i n g the 
i n s p e c t i o n system through t a x a t i o n and i n s p e c t i o n f e e s , 8 per cent i s 
chosen t o be r e p r e s e n t a t i v e o f the value o f money t o a c i t i z e n i n the 
A t l a n t a M e t r o p o l i t a n area. 
C a p i t a l recovery and i n t e r e s t are ca lculated u s i n g appropr ia te 
fo rmu las i n eng ineer ing economy [ 4 2 ] . Those i tems r e q u i r i n g s u b s t a n t i a l 
i n i t i a l investment have the f o l l o w i n g est imated l i v e s and salvage 
v a l u e s : 
E s t i m a t e d 
L i f e Salvage Value 
I tem (Years ) (% o f F i r s t Cost ) 
Land 30 100 
B u i l d i n g 30 0 
Paving 30 0 
S i t e P r e p a r a t i o n 30 0 
O f f i c e Equipment 10 15 
T e s t Equipment 10 10 
Labor c o s t s are presented i n Tab le 1 5 . Except f o r the d i r e c t o r ' s 
s a l a r y , s a l a r i e s are based upon an area wage survey f o r M e t r o p o l i t a n 
A t l a n t a [ 2 ] . The d i r e c t o r ' s s a l a r y i s based upon a s tudy by Clayton 
Manufactur ing Company f o r W i s c o n s i n [ 7 ] . 
Costs o f l i g h t s , hea t ing and a i r c o n d i t i o n i n g were es t imated by 
c a l c u l a t i n g power requ i rements and then apply ing l o c a l commercial r a t e s . 
The f o l l o w i n g equat ions were developed f o r de te rmin ing these c o s t s : 
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Cost o f l i g h t s / f a c i l i t y = 60 + 45s 
Cost o f g a s / f a c i l i t y = 78 .80 + 3 7 . 2 5 s . 
Cost o f a i r c o n d i t i o n i n g / f a c i l i t y = 3 5 . 2 8 s 
where, 
s = Number o f lanes per f a c i l i t y . 
Table 1 5 . P e r s o n n e l and S a l a r y Requirements 
f o r I n s p e c t i o n F a c i l i t i e s 
P e r s o n n e l S a l a r y 
F i x e d 
o r V a r i a b l e 
1 D i r e c t o r per f a c i l i t y $ 1 3 , 1 9 8 / y e a r F i x e d 
1 Cashier per f a c i l i t y 2 . 5 9 / h o u r F i x e d 
1 J a n i t o r per f a c i l i t y 2 . 1 6 / h o u r F i x e d 
1 T r a i n e e per f a c i l i t y 2 . 3 6 / h o u r F i x e d 
1 Auto Mechanic per lane 3 . 9 3 / h o u r V a r i a b l e 
1 Techn ic ian per lane 2 . 3 6 / h o u r Var iab le 
Costs o f maintenance o f equipment are est imated t o be $150 f o r a 
c h a s s i s dynamometer [ 8 ] and $350 f o r a s e t o f exhaust gas ana lyze rs 
(C0,HC,N0) . The $350 i s an assumed cost f a c t o r . 
Var iab le Annual C o s t . There are c e r t a i n c o s t s t h a t vary w i t h the 
l e v e l o f a c t i v i t y (number o f cars i n s p e c t e d ) . These c o s t s are ca l l ed 
v a r i a b l e c o s t . The v a r i a b l e cost i t ems considered i n t h i s i n v e s t i g a t i o n 
are i n s p e c t i o n s t i c k e r s , i n s p e c t i o n s u p p l i e s , power f o r the c h a s s i s 
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dynamometer and l abor d i r e c t l y assoc ia ted w i t h t e s t i n g the v e h i c l e s . 
i if I I ' ' 
I n s p e c t i o n s t i c k e r s are est imated t o be $ .25 per v e h i c l e . T h i s 
i s based upon the c u r r e n t p r i c e o f the s a f e t y i n s p e c t i o n s t i c k e r used 
i n Georgia [ 2 2 ] . I n s p e c t i o n s u p p l i e s are considered t o be $ .045 per 
v e h i c l e . T h i s i s the cost o f the t r i p l i c a t e forms used i n the Georgia 
s a f e t y i n s p e c t i o n [ 2 2 ] . The cost o f power associated w i t h a c h a s s i s 
dynamometer i s est imated t o be $ .015 per v e h i c l e . T h i s power i s f o r a 
30-horsepower h y d r a u l i c absorber r e q u i r e d w i t h the c h a s s i s dynamometer. 
Labor c o s t s are given i n Table 1 5 . S a l a r i e s are based upon an 
area wage survey f o r the A t l a n t a M e t r o p o l i t a n Area [ 2 ] . 
Breakeven Cost per Vehic le 
The breakeven cost per v e h i c l e i s the cost Georgia would be 
r e q u i r e d t o charge each m o t o r i s t t o breakeven on the opera t ion o f an 
i n s p e c t i o n sys tem. The breakeven cost i s ca lculated s imply by d i v i d i n g 
the t o t a l equ iva lent annual cost by the number o f v e h i c l e s inspec ted . 
Veh ic les which f a i l the i n s p e c t i o n t e s t are assumed not t o be charged 
f o r the recheck. 
Expected W a i t i n g Time C a l c u l a t i o n s 
Expected w a i t i n g t ime i s a c r i t e r i o n used i n eva lua t ing the 
ac tua l opera t ing performance o f v a r i o u s i n s p e c t i o n system c o n f i g u r a t i o n s . 
T o ca lcu la te expected w a i t i n g t ime per v e h i c l e (customer) the f o l l o w i n g 
assumptions are made: 
1 . Customers a r r i v e at the i n s p e c t i o n f a c i l i t i e s as descr ibed 
by a P o i s s o n p r o b a b i l i t y d e n s i t y f u n c t i o n [ 2 4 ] . 
2 . Customers are se rv iced at a constant r a t e equal t o 15 
minutes per v e h i c l e . 
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3. Customers a r r i v i n g a t the i n s p e c t i o n f a c i l i t i e s do not leave 
u n t i l t h e i r v e h i c l e i s inspec ted . 
I n f i n i t e customer popu la t ion i s assumed. 
The a r r i v a l r a t e i s ca lculated based upon the t o t a l number o f v e h i c l e s 
and the t o t a l number o f hours the f a c i l i t i e s are open t o the p u b l i c . 
The assumption o f an i n f i n i t e customer popu la t ion i s j u s t i f i e d because 
o f the l a rge number o f v e h i c l e s i n the A t l a n t a M e t r o p o l i t a n Area and 
the f a c t t h a t a customer may be inspected at any f a c i l i t y i n the A t l a n t a 
M e t r o p o l i t a n Area. 
The equat ion f o r expected w a i t i n g t ime ( i n queue) i s ca lculated 
as f o l l o w s [ 1 2 , 3 8 ] : 
V ( s u 1 ) _ i V ( s u i ) 
• y ' u * - y! 
y = i s y = , i s + l 
where, 
s = Number o f lanes per f a c i l i t y . 
u = Average u t i l i z a t i o n per lane ( 0 . 0 0 - 1 . 0 0 ) . 
The value f o r w as ca lculated above i s expressed i n m u l t i p l e s o f the 
s e r v i c i n g t i m e . The t o t a l w a i t i n g t ime ( t ime i n the queue p l u s the t ime 
being s e r v i c e d ) i s ca lculated as f o l l o w s : 
T o t a l w a i t i n g t ime = wii + h 
where, 
h = Mean s e r v i c i n g t ime ( h o u r s ) . 
V - s u i w = I e 
i = l 
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C a l c u l a t i n g Costs f o r A d d i t i o n a l C o n f i g u r a t i o n s 
The c a l c u l a t i o n o f the minimum number o f i n s p e c t i o n f a c i l i t i e s 
r e q u i r e d produced f i v e i n s p e c t i o n system c o n f i g u r a t i o n s . By increment ing 
the minimum number o f i n s p e c t i o n f a c i l i t i e s r e q u i r e d by s i x , a d d i t i o n a l 
i n s p e c t i o n system c o n f i g u r a t i o n s are generated. The c o s t s o f the new 
i n s p e c t i o n system c o n f i g u r a t i o n s are ca lcula ted u s i n g the same method­
ology as presented p r e v i o u s l y i n t h i s chapter . 
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CHAPTER V I 
INVESTIGATION R E S U L T S 
I n t r o d u c t i o n 
The purpose o f t h i s chapter i s t o p r e s e n t and d i s c u s s c o s t -
e f f e c t i v e n e s s r e s u l t s o f t h i s i n v e s t i g a t i o n . T o i d e n t i f y v a r i a b l e s which 
should be given c a r e f u l c o n s i d e r a t i o n when des ign ing and eva lua t ing an 
automotive i n s p e c t i o n s y s t e m , s e n s i t i v i t y a n a l y s i s i s a l s o performed. 
R e s u l t s are f o r t h e A t l a n t a M e t r o p o l i t a n Area. Measures o f e f f e c t i v e n e s s 
and cost are based upon the methodologies descr ibed i n Chapter IV and 
Chapter V , r e s p e c t i v e l y . 
Cost E f f e c t i v e n e s s R e s u l t s 
E f f e c t i v e n e s s o f S t a t e I n s p e c t i o n 
Three measures o f e f f e c t i v e n e s s are r e q u i r e d t o evaluate a p r o ­
posed i n s p e c t i o n system. They a re : 
1 . Percentage o f u n c o n t r o l l e d l e v e l emi t ted w i t h i n s p e c t i o n . 
2 . T o t a l est imated r e d u c t i o n s i n t o n s per year . 
3. Percentage o f p o t e n t i a l r e d u c t i o n s achieved by i n s p e c t i o n . 
The remainder o f t h i s s e c t i o n w i l l d i s c u s s the t h r e e measures o f 
e f f e c t i v e n e s s by g i v i n g the t o t a l p o l l u t a n t e m i s s i o n s and the t o t a l 
p o l l u t a n t r e d u c t i o n s achieved w i t h s t a t e i n s p e c t i o n . 
T o t a l P o l l u t a n t E m i s s i o n s . Tab le 16 g ives the t o t a l p o l l u t a n t 
e m i s s i o n s expected each year w i t h no s t a t e i n s p e c t i o n o f automobi les . 
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Table 1 6 . E s t i m a t e d Minimum and Maximum 
P o l l u t a n t E m i s s i o n s (1975-1985) 
Minimum E m i s s i o n s w i t h Maximum E m i s s i o n s w i t h o u t 
S t a t e I n s p e c t i o n S t a t e I n s p e c t i o n 
Carbon Hydro­ N i t r o g e n Carbon Hydro­ N i t r o g e n 
Monoxide carbons Oxides Monoxide carbons Oxides 
Year ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) 
1974 488 ,140 52 ,103 42,376^ 488 ,140 52 ,103 42 ,376 
1975 403 ,255 41 ,907 39 ,506 462 ,356 48 ,257 40 ,445 
1976 357 ,055 35 ,939 34 ,532 406 ,950 41 ,609 3 6 , 1 1 1 
1977 307,943 30 ,262 29 ,765 355 ,764 35 ,708 32 ,057 
1978 256,550 24 ,823 24 ,896 306,458 3 0 , 3 4 1 28 ,023 
1979 218 ,016 20 ,897 21 ,248 273 ,495 26 ,835 25 ,378 
1980 177 ,706 16 ,092 18 ,019 234 ,832 22 ,217 23 ,064 
1981 1 4 8 , 5 7 1 13 ,504 1 5 , 1 5 4 2 1 2 , 2 0 1 20 ,334 21 ,095 
1982 117 ,595 10 ,598 12 ,286 187 ,564 1 8 , 0 6 1 19 ,078 
1983 9 9 , 3 0 1 9 ,038 1 0 , 5 8 4 175 ,915 17 ,252 18 ,088 
1984 83 ,148 9 ,668 8 ,948 164 ,962 16 ,524 1 7 , 0 5 1 
1985 72 ,122 6 ,725 7 ,625 158 ,867 16 ,170 . . 16 ,599 
The decrease i n t o t a l e m i s s i o n s i s a t t r i b u t e d t o the decrease i n base 
l e v e l e m i s s i o n s f o r new v e h i c l e s p l u s the a t t r i t i o n o f o l d e r v e h i c l e s 
p o s s e s s i n g no p o l l u t i o n c o n t r o l dev ices . Tab le 16 a l s o g ives the m i n i ­
mum l e v e l o f e m i s s i o n s expected each year w i t h the i n t r o d u c t i o n o f s t a t e 
i n s p e c t i o n o f automobi les . The minimum e m i s s i o n c a l c u l a t i o n s assume 
v e h i c l e s w i t h o u t c o n t r o l devices w i l l remain i n tune and v e h i c l e s w i t h 
c o n t r o l devices w i l l not exceed Federa l p o l l u t i o n s t a n d a r d s . 
To see the e f f e c t s o f i n s p e c t i o n f requency , T a b l e s 17 and 18 
give t o t a l p o l l u t a n t e m i s s i o n s f o r annual and b iannua l i n s p e c t i o n . 
Tab les 17 and 18 are impor tant because they i n d i c a t e t h a t f o r carbon 
monoxide and hydrocarbons the l e v e l o f p o l l u t a n t e m i s s i o n s and the p e r ­
centage o f maximum e m i s s i o n s decrease f rom 1975 through 1985 . 
Table 1 7 . E s t i m a t e d P o l l u t a n t E m i s s i o n s w i t h 
Annual S t a t e I n s p e c t i o n (1975-1985) 
CARBON MONOXIDE HYDROCARBONS NITROGEN OXIDES 
Year 
L e v e l Percent 
o f 
P o t e n t i a l 
Reduct ions 
Achieved 
L e v e l Percent 
of 
P o t e n t i a l 
Reduct ions 
Achieved 
L e v e L Percent 
o f 
P o t e n t i a l 
Reduct ions 












L e v e l ) 
1974 488 ,140 100 - 52 ,103 100 - 42 ,376 100 -
1975 414 ,440 90 82 43 ,940 91 68 4 0 , 2 2 4 99 24 
1976 365 ,796 90 82 38 ,829 93 54 36 ,019 100~ 6 
1977 325 ,145 91 64 32 ,829 92 53 31 ,806 99 10 
1978 276 , 2 5 1 90 6 1 27 ,304 90 55 27 ,416 98 19 
1979 239 , 5 9 1 88 6 1 23 ,279 87 60 2 3 , 9 2 4 94 35 
1980 200 ,827 86 59 18 ,397 83 62 20 ,723 90 46 
1981 170 ,820 80 65 1 5 , 6 6 1 77 68 1 7 , 7 7 6 84 56 
1982 138 ,085 74 7 1 12 ,565 70 74 14 ,700 77 64 
1983 118 ,658 67 75 10 ,917 63 77 13 ,807 76 57 
1984 101 ,244 6 1 78 9 ,446 57 80 12 ,155 71 60 
1985 89 ,329 56 80 8 ,455 52 82 9 ,284 56 82 
T a b l e 18 . Es t ima ted P o l l u t a n t E m i s s i o n s w i t h 
B iannua l S t a t e I n s p e c t i o n (1975-1985) 
CARBON MONOXIDE HYDROCARBONS NITROGEN OXIDES 
L e v e l Percent L e v e l Percent L e v e l Percent 
(Percent o f (Percent o f (Percent o f 
Year ( T o n s ) 
o f 
Maximum 
L e v e l ) 
P o t e n t i a l 
Reduct ions 
Achieved ( T o n s ) 
o f 
Maximum 
L e v e l ) 
P o t e n t i a l 
Reduct ions 
Achieved ( T o n s ) 
o f 
Maximum 
L e v e l ) 
P o t e n t i a l 
Reduct ions 
Achieved 
1974 488 ,140 100 - 52,103 100 - 42 ,376 100 -
1975 438 ,398 95 40 46 ,098 96 34 40 ,335 100" 12 
1976 367 ,943 90 78 38 ,847 93 49 3 6 , 1 1 1 100~ 0 + 
1977 326 ,834 92 60 33 ,056 93 49 31 ,909 100" 6 
1978 281 ,666 92 50 27 ,902 92 44 2 7 , 8 7 1 99 5 
1979 244 ,206 89 53 23 ,773 89 52 24 ,325 96 25 
1980 208 ,225 89 46 19 ,169 86 50 21 ,387 93 33 
1981 177 ,100 83 55 1 6 , 3 2 1 80 59 17 ,346 82 63 
1982 146 ,783 78 58 13 ,485 75 61 15 ,478 81 53 
1983 126 ,045 72 65 11 ,702 68 68 12 ,469 69 75 
1984 110 ,642 67 66 10 ,452 63 69 12 ,997 76 50 
1985 97 ,262 61 7 1 9 ,307 58 73 1 0 , 0 0 4 60 73 
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T h i s i m p l i e s t h a t s t a t e i n s p e c t i o n i s m a i n t a i n i n g c o n t r o l over the 
v e h i c l e popu la t ion and i s becoming more e f f e c t i v e as t ime i n c r e a s e s . An 
impor tant assumption about d e t e r i o r a t i o n o f p o s t - 1 9 7 5 model year v e h i c l e s 
i s t h a t exhaust p o l l u t a n t c o n t r o l devices w i l l d e t e r i o r a t e , over the 
l i f e t i m e o f the v e h i c l e , t o the 1973 Federa l exhaust p o l l u t a n t s t a n d a r d s . 
F o r n i t r o g e n oxides the l e v e l o f p o l l u t a n t e m i s s i o n s i s r a p i d l y 
decreas ing , w h i l e the percentage o f the maximum e m i s s i o n s does not 
decrease s u b s t a n t i a l l y u n t i l approximately 1979 . The reason the i n s p e c ­
t i o n system does not s u b s t a n t i a l l y lower the l e v e l o f n i t r o g e n oxide 
e m i s s i o n s f rom 1975-1978 i s because c o n t r o l devices f o r n i t r o g e n oxides 
w i l l not have d e t e r i o r a t e d t o a l e v e l where s t a t e i n s p e c t i o n can be 
e f f e c t i v e . C o n t r o l devices f o r n i t r o g e n oxides are no t a n t i c i p a t e d 
nat ionwide u n t i l 1973 . A l s o , no s t a t e n i t r o g e n oxide s tandards are 
assumed f o r p re -1973 model year v e h i c l e s . U n f o r t u n a t e l y , c o r r e c t i v e 
measures (such as engine t u n e - u p s ) which reduce exhaust e m i s s i o n s o f 
hydrocarbons and carbon monoxide f o r p re -1973 v e h i c l e s tend t o increase 
the l e v e l s o f n i t r o g e n oxides formed. 
T o t a l P o l l u t a n t R e d u c t i o n s . Table 19 p r e s e n t s t o t a l p o l l u t a n t 
r e d u c t i o n s w i t h annual o r b iannua l i n s p e c t i o n . R e s u l t s g iven i n Table 
19 prov ide one method f o r e v a l u a t i n g the cost e f f e c t i v e n e s s o f s t a t e 
i n s p e c t i o n . 
R e s u l t s i n d i c a t e t h a t , i n g e n e r a l , r e d u c t i o n s decrease f rom 
approximately 1975 t o 1 9 7 8 , then increase f rom 1978 t o 1985 . The 
decrease i n r e d u c t i o n s i s because i n the f i r s t year o f i n s p e c t i o n system 
implementat ion , s u b s t a n t i a l r e d u c t i o n s w i l l be achieved which could no t 
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be equal led i n 1976 and 1977 . A l s o , the t o t a l e m i s s i o n s w i t h o u t s t a t e 
i n s p e c t i o n were decreasing r a p i d l y because o f f e d e r a l ac t ion causing 
r e d u c t i o n s i n base l e v e l e m i s s i o n s f o r 1973-1976 model year v e h i c l e s . 
Tab le 1 9 . E s t i m a t e d P o l l u t a n t Reduct ions w i t h Annual 
o r B i a n n u a l I n s p e c t i o n (1975 -1985 ) 
T o t a l Reduct ions w i t h T o t a l Reduct ions w i t h 
Annual I n s p e c t i o n B i a n n u a l I n s p e c t i o n s 
Carbon Hydro­ N i t r o g e n Carbon Hydro­ N i t r o g e n 
Monoxide carbons Oxides Monoxide carbons Oxides 
Year ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) ( T o n s ) 
1 9 7 5 4 7 , 9 1 6 4 , 3 1 7 2 2 1 2 3 , 9 5 8 2 , 1 5 9 110 
1976 4 1 , 1 5 4 3 ,044 92 39 ,007 2 ,762 0 + 
1977 30 ,619 2 ,874 215 28 ,930 2 ,652 148 
1978 30 ,207 3,037 607 24 ,792 2 ,439 152 
1979 33 ,504 3 ,556 1 ,454 29 ,289 3 ,062 1 ,053 
1980 33 ,205 3,820 2 , 3 4 1 25 ,807 3,048 1,677 
1981 4 1 , 3 8 1 4 ,673 3 ,319 3 5 , 1 0 1 4 ,013 3 ,749 
1982 49 ,479 5 ,496 4 ,378 4 0 , 7 8 1 4 ,576 3 ,600 
1983 57 ,257 6 ,335 4 , 2 8 1 49 ,870 5 ,550 5 ,619 
1984 63 ,718 7 ,078 4 , 8 9 6 54 ,320 6 ,072 4 , 0 5 4 
1985 69 ,538 7 ,715 7 ,315 61 ,605 6 ,863 6 ,595 
The increases i n r e d u c t i o n s achieved by the i n s p e c t i o n system 
f rom 1978-1985 are explained as f o l l o w s . The r a t e o f d e t e r i o r a t i o n 
assumed f o r p o l l u t a n t c o n t r o l devices on 1976-1985 model year v e h i c l e s 
i s g r e a t e r than the r a t e o f d e t e r i o r a t i o n assumed f o r p re -1976 model 
year v e h i c l e s . W i t h a h i g h e r r a t e o f d e t e r i o r a t i o n p l u s an i n c r e a s i n g 
v e h i c l e p o p u l a t i o n , the e f f e c t i v e n e s s o f s t a t e i n s p e c t i o n , i n terms o f 
p o l l u t a n t r e d u c t i o n s , begins t o increase i n 1978 . 
B i a n n u a l i n s p e c t i o n compares f a v o r a b l y w i t h annual i n s p e c t i o n . 
Table 20 g ives t o t a l emiss ion r e d u c t i o n s w i t h annual and b iannua l 
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i n s p e c t i o n . A l s o , Table 20 i n d i c a t e s the maximum p o s s i b l e r e d u c t i o n s 
achievable w i t h s t a t e i n s p e c t i o n . The maximum p o s s i b l e r e d u c t i o n s 
achievable are ca lcula ted by s u b t r a c t i n g the minimum e m i s s i o n s w i t h 
s t a t e i n s p e c t i o n (FY 1975-1985) i n Tab le 16 f rom the maximum e m i s s i o n s 
w i t h o u t s t a t e i n s p e c t i o n (FY 1975-1985) a l s o g iven i n Table 1 6 . 
Tab le 20 . Comparison o f T o t a l E s t i m a t e d P o l l u t a n t 
Reduct ions Achieved w i t h Annual v s . 
B i a n n u a l Automotive I n s p e c t i o n (1975 -1985 ) 
P o l l u t a n t 
T o t a l E m i s s i o n 
Reduct ions Achieved 
B i a n n u a l Annual 
I n s p e c t i o n I n s p e c t i o n 
( T o n s ) ( T o n s ) 
Maximum 
P o s s i b l e 
Reduct ions 
Achievable 
( T o n s ) 
CO 413 ,460 498 ,378 697 ,302 
HC 43 ,196 51 ,950 75 ,855 
OX 26 ,729 29 ,155 54 ,426 
Cost o f S t a t e I n s p e c t i o n 
The people w i t h the r e s p o n s i b i l i t y f o r f u n d i n g s t a t e i n s p e c t i o n 
o f automotive p o l l u t i o n c o n t r o l devices are i n t e r e s t e d i n the cos t 
impact o f such a system on the s t a t e and the p u b l i c . Those people w i t h ­
i n s t a t e government who must f i n d the money t o f inance the p r o j e c t are 
i n t e r e s t e d i n t h e i n i t i a l investment r e q u i r e d and the opera t ing 
expenses. Because the p u b l i c w i l l be r e q u i r e d t o pay f o r the i n s p e c t i o n 
s y s t e m , i t i s a l s o impor tant t o know the i n s p e c t i o n cost per v e h i c l e . 
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Cost data f o r 60 i n s p e c t i o n system c o n f i g u r a t i o n s , which w i l l 
i n s p e c t a l l v e h i c l e s i n the A t l a n t a M e t r o p o l i t a n Area , was generated by 
the cost model descr ibed i n Chapter V. T h i r t y o f the 60 c o n f i g u r a t i o n s 
are f o r annual i n s p e c t i o n s and the remain ing c o n f i g u r a t i o n s are f o r 
b iannua l i n s p e c t i o n s . Tab les 2 1 , 2 2 , 2 3 , 2 4 , 25 and 26 summarize the 
r e s u l t s f o r each o f the 60 i n s p e c t i o n system c o n f i g u r a t i o n s . A d i s c u s ­
s i o n o f the cos t r e s u l t s i n Tab les 2 1 through 26 i s now g i v e n . 
Investment C o s t . Investment cost r e s u l t s i l l u s t r a t e two impor­
t a n t f a c t o r s which shou ld be considered when d e s i g n i n g an i n s p e c t i o n 
sys tem. F o r i n s p e c t i o n system c o n f i g u r a t i o n s w i t h comparable u t i l i z a ­
t i o n , (1 ) the investment cost o f t e s t equipment i s approximately the 
same and (2 ) the investment cost f o r the o t h e r expendi tures v a r i e s con­
s i d e r a b l y . T h e r e f o r e , investment cost f a c t o r s such as type o f b u i l d i n g 
c o n s t r u c t i o n ( e . g . b r i c k v e r s u s concrete b lock) shou ld be given c a r e f u l 
c o n s i d e r a t i o n i n the design o f the i n s p e c t i o n f a c i l i t i e s . I n t h i s s tudy 
an average cost per square f o o t was u t i l i z e d . A l s o , the incrementa l 
investment cost i n d e s i g n i n g f o r a l l one lane f a c i l i t i e s v e r s u s a l l two 
lane f a c i l i t i e s i n d i c a t e s the importance o f u t i l i z i n g one o f f i c e area t o 
handle customers f rom e i t h e r a one lane o r a m u l t i p l e lane f a c i l i t y . 
S ince " inspect ion f a c i l i t i e s were assumed t o operate on ly e i g h t hours 
per day, the number o f f a c i l i t i e s r e q u i r e d i s g r e a t e r than a double 
s h i f t ( i . e . , two e i g h t - h o u r s h i f t s ) would r e q u i r e . 
S ince b iannua l i n s p e c t i o n assumes i n s p e c t i o n o f o n e - h a l f the 
v e h i c l e p o p u l a t i o n each y e a r , the cost o f i n v e s t m e n t s f o r b iannua l 
i n s p e c t i o n i s approximately o n e - h a l f t h a t o f annual i n s p e c t i o n . 
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Table 2 1 . Investment Costs ($ x 1 0 6 ) f o r Annual I n s p e c t i o n 
Lanes Investment 
Number o f per U t i l i z a t i o n T e s t 
C o n f i g u r a t i o n F a c i l i t i e s F a c i l i t y 1975 1980 1985 Equipment Other 
A 1 179 1 71 78 80 $1 .23 $7 .05 
A 2 185 1 69 75 78 1 .27 7 .28 
A 3 191 1 67 73 75 1 . 3 1 7 .52 
A 4 197 1 65 71 73 1 .36 7 .76 
A 5 203 1 63 68 7 1 1 .40 8 .00 
A 6 209 1 6 1 67 69 1 .44 8 .23 
A 7 89 2 72 78 81 1 .22 4 .29 
A 8 95 2 67 73 76 1 . 3 1 - 4 .58 
A 9 1 0 1 2 63 69 71 1 .39 4 .87 
A10 107 2 60 65 67 1 .47 5 .16 
A l l 113 2 56 62 64 1 .56 5 .45 
A12 119 2 54 58 60 1 .64 5 .74 
A13 59 3 72 78 81 1 .22 3 .37 
A14 65 3 65 71 73 1 .34 3 . 7 1 
A15 . 7 1 3 60 65 67 1 .47 4 . 0 5 
A16 77 3 55 60 62 1 .59 4 . 3 9 
A17 83 3 51 56 58 1 . 7 1 4 . 7 4 
A18 89 3 48 52 54 1 .84 5 .08 
A19 44 4 72 79 82 1 . 2 1 2 .90 
A20 50 4 64 70 72 1 .38 3 .30 
A21 56 4 57 62 64 1 .54 3 .69 
A22 62 4 51 56 58 1 . 7 1 . 4 . 0 9 
A23 68 4 47 51 53 1 .87 4 .48 
A24 74 4 43 47 49 2 . 0 4 4 .88 
A25 35 5 73 79 82 1 .20 2 .62 
A26 4 1 5 62 68 70 1 . 4 1 3 .07 
A27 47 5 54 59 61 1.-62 3 . 5 1 
A28 53 5 58 52 54 1 .82 3 .96 
A29 59 5 43 47 49 2 .03 4 . 4 1 
A30 65 5 39 42 44 2 . 2 4 4 , 8 6 
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Table 2 2 . Investment Costs ($ x 1 0 6 ) for , . B i a n n u a l I n s p e c t i o n 
Lanes Investment 
Number o f per U t i l i z a t i o n T e s t 
C o n f i g u r a t i o n F a c i l i t i e s F a c i l i t y 1975 1980 1985 Equipment Other 
B 1 89 1 72 78 81 $ . 6 1 $3 .50 
B 2 95 1 67 73 76 .65 3 .74 
B 3 101 1 63 69 7 1 .70 3 .98 
B 4 107 1 60 65 67 .74 4 . 2 1 
B 5 113 1 56 62 64 .78 4 . 4 5 
B 6 119 1 54 58 60 ,82 4 .68 
B 7 44 2 72 79 82 . 6 1 2 .12 
B 8 50 2 63 ' 70 72 .69 2 . 4 1 
B 9 56 2 57 62 64 .77 2 .70 
BIO 62 2 51 56 58 .83 2 .99 
B l l 68 2 47 51 53 .94 3 .28 
B12 74 2 43 47 49 1 .02 3 .57 
B13 29 3 73 80 83 .60 1 .66 
B14 35 3 61 66. 69 .72 2 .00 
B15 4 1 3 52 57 58 .85 2 . 3 4 
B16 47 3 45 49 51 .97 2 .68 
B17 53 3 40 44 45 1.09 3 .02 
B18 59 3 36 39 41 1 .22 3 .37 
B19 22 4 72 79 82 . 6 1 1 .45 
B20 28 4 57 62 64 .77 1 .85 
B 2 1 34 4 46 51 53 .94 2 . 2 4 
B22 40 4 40 43 45 ' 1 .10 2 . 6 4 
B23 46 4 35 38 38 1 .27 3 .03 
B24 52 4 31 33 35 1 .43 3 .06 
B25 17 5 75 82 85 .58 1 .27 
B26 23 5 55 60 63 .79 1 .72 
B27 29 5 43 48 50 1.00 2 .17 
B28 35 5 36 40 4 1 1 .20 2 . 6 2 
B29 4 1 5 31 34 35 1 . 4 1 3 .07 
B30 47 5 27 30 3 1 . . 1 .62 3 . 5 1 
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Tab le 2 3 . T o t a l E q u i v a l e n t Annual Cost 
($ x 106) f o r Annual I n s p e c t i o n 
C a p i t a l T o t a l 
Recovery Other E q u i v a l e n t 
w i t h Labor Expenses Annual 
C o n f i g u r a t i o n R e t u r n F i x e d V a r i a b l e F i x e d Var iab le Cost 
A 1 $ . 8 1 $ 4 . 9 1 $2 .25 $ . 1 4 $ .29 $8 .40 
A 2 .84 5 .07 2 .33 . 14 .29 8 .67 
A 3 .86 5 .24 2 .40 .14 = .29 8 .93 
A 4 .89 5 .40 2 .48 .15 .29 9 . 2 1 
A 5 .92 5.57 2 .55 .15 .29 9 .48 
A 6 .94 5 .73 2 .63 .16 .29 • 9 .75 
A 7 .56 2 .44 2 . 2 4 .12 .29 5 .65 
A 8 .59 2 .60 2 .39 .13 .29 6 . 00 
A 9 .63 2 .77 2 .54 .13 .29 6 . 3 6 
A10 .67 2 .93 2 .69 .14 .29 6 .72 
A l l . 7 1 3 .10 2 . 8 4 .15 .29 7 .09 
A12 .74 3 .26 2 .99 .16 .29 7 . 4 4 
A13 .47 1 .62 2 .23 . 1 1 .29 4 . 7 2 
A14 .52 1 .78 2 .45 .12 .29 5 .16 
A15 .57 1 .95 2 .68 .14 .29 5 .63 
A16 . 6 1 2 . 1 1 2 . 9 1 .15 .29 6 .07 
A17 .66 2 .28 3 .13 .16 .29 6 .52 
A18 . 7 1 2 . 4 4 3 .36 .17 .29 6 .97 
A19 .43 1 . 2 1 2 . 2 1 . 1 1 .29 4 .25 
A20 .49 1.37 2 .52 .13 .29 4 .80 
A21 .54 1 .54 2 .82 .14 .29 5 .33 
A22 .60 1 .70 3 .12 .16 .29 5.87 
A23 .66 1 .86 3 .42 .17 .29 6 .40 
A24 .72 2 .03 3 .72 .19 .29 6 .95 
A25 .40 .96 2 .20 . 1 1 .29 3 .96 
A26 .47 1 .12 2 .58 .13 .29 4 . 5 9 
A27 .54 1 .29 2 . 9 6 .14 .29 5.22 
A28 . 6 1 1 .45 3 .33 .16 .29 5 .84 
A29 .68 1 .62 3 . 7 1 .18 .29 6 .48 
A30 .74 1 .78 4 .09 .20 .29 7 .10 
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Tab le 2 4 K T o t a l E q u i v a l e n t Annual Cost 
fc f $ x 106) f o r B iannua l * - Inspec t ion 
C a p i t a l T o t a l 
Recovery Other E q u i v a l e n t 
w i t h Labor Expenses Annual 
C o n f i g u r a t i o n R e t u r n F i x e d Var iab le F i x e d Var iab le Cost 
B 1 $ .40 $ 2 . 4 4 $1 .12 $ .07 $ . 1 4 $4 .17 
B 2 .43 2 .60 1 .20 .07 .14 4 . 4 4 
B 3 .46 2 .77 1 .27 .08 .14 4 . 7 2 
B 4 .48 2 .93 1 .35 .08 .14 4 .98 
B 5 . 5 1 3 .10 1 .42 .09 .14 5 .26 
B 6 .54 3 .26 1 .50 .09 .14 5 .53 
B 7 .28 1 . 2 1 1 . 1 1 .06 .14 2 .80 
B 8 . 31 1 .37 1 .26 .07 .14 3 .15 
B 9 .35 1 .54 1 . 4 1 .07 .14 3 . 5 1 
BIO .39 1 .70 1 .56 .08 .14 3 .87 
B l l . .43 1 .86 1 . 7 1 .09 .14 4 .23 
B12. .46 2 .03 1 .86 .10 .14 4 .59 
B13 .23 .80 1.09 .06 .14 2 .32 
B14 .28 • .96 1 .32 .07 .14 2 .77 
B15 .33 1 .12 1 .55 .08 .14 3 .22 
B16 .38 1.29 1 .77 .09 . 14 3.67 
B17 .42 1 .45 2 .00 .10 .14 4 . 1 1 
B18 .47 1 .62 2 .23 . 1 1 .14 4 .57 
B19 . 2 1 .60 1 . 1 1 .05 .14 2 . 1 1 
B20 .27 .77 1 . 4 1 .07 .14 2 . 6 6 
B 2 1 .33 .93 1 . 7 1 .09 .14 3 .20 
B22 .39 1 .10 2 . 0 1 .10 .14 3 .74 
B23 .45 1 .26 2 . 3 1 .12 .14 4 .28 
B24 . 5 1 1 .43 2 . 6 2 .13 .14 4 .83 
B25 .19 .47 1 .07 .05 .14 . 1 .92 
B26 .26 .63 1 .45 .07 . 14 2 .55 
B27 .33 .80 1 .82 .09 .14 3 .18 
B28 .40 .96 2 .20 .10 .14 3 .80 
B29 .47 1 .12 2 .58 .13 . 14 4 . 4 4 
B30 .53 1.29 2 .96 .14 .14 5 . 0 6 . 
Table 2 5 . Cost per Vehic le per Year Versus T o t a l 
W a i t i n g Time f o r Annual I n s p e c t i o n 
Cost per Vehic le T o t a l W a i t i n g 
per Year Time ( H r s . ) 
C o n f i g u r a t i o n 1975 1980 1985 1975 1980 1985 
A 1 $9 .90 , $9 .07 $ 8 . 7 6 .56 .68 .76 
A 2 10 .22 9 . 3 6 9 . 0 5 .52 .62 .69 
A 3 1 0 . 5 4 9 . 6 6 9 . 3 3 .50 .58 .63 
A 4 1 0 . 8 6 9 .95 9 . 6 1 .48 .55 .59 
A 5 11 .18 1 0 . 2 4 9 .90 .46 .52 .55 
A 6 11 .50 1 0 . 5 4 10 .18 .45 .50 .53 
A 7 6 .66 6 . 1 1 • 5 .90 .39 .45 .49 
A 8 7 .09 6 .49 6 .27 .35 .40 .42 
A 9 7 . 5 1 6 .88 6 .65 . 34 . 37 . 38 
A10 7 .94 7 .27 7 .03 .32 .34 .36 
A l l 8 .36 7 .66 7 .40 . 3 1 .33 . 34 
A12 8.79 8 .05 7 .78 .30 .32 ' .33 
A13 5.57 5 . 1 1 4 . 9 3 .33 .38 .40 
A14 6 .10 5 .59 5 .40 .30 .33 . 34 
A15 6 .63 6 .08 5 .87 .29 .30 . 3 1 
A16 7 .16 6 .56 6 .34 .28 .29 .30 
A17 7 .69 7 . 0 5 6 . 8 1 .27 .28 .29 
A18 8 .22 7 . 5 4 7 .28 .27 .28 .28 
A19 5 .02 4 .60 4 . 4 4 . 3 1 .34 • .36 
A20 5 .65 5 .18 5 . 0 1 .28 .30 .30 
A21 6 .29 5 .76 5 .57 .27 .28 .28 
A22 6 .93 6 .35 6 .13 .26 .27 .27 
A23 7 .96 6 .93 6 .69 .26 .26 .27 
A24 8.20 7 . 5 1 7 .25 .26 .26 .26 
A25 4 . 6 5 4 .29 4 . 1 4 .29 .32 .34 
A26 5 .42 4 . 9 7 4 .80 .27 .28 .28 
A27 6 .16 5 .64 5 .45 .26 .26 .27 
A28 6 .90 6 .32 6 . 1 1 .26 .26 .26 
A29 7 . 6 4 7 .00 6 .76 .25 .26 .26 
A30 8 .38 7 .68 7 .42 .25 .25 ; . . . 26 
Table 2 6 . C^ost per Vehic le per Year^ Versus T o t a l 
W a i t i n g Time f o r Biannual'** I n s p e c t i o n 
Cost per Vehic le T o t a l W a i t i n g 
per Year Time ( H r s . ) 
F i g u r a t i o n 1975 1980 1985 1975 1980 1985 
B 1 $4 .93 $ 4 . 5 1 $4 .36 .56 .70 .78 
B 2 5 .25 4 . 8 1 4 . 6 4 .50 .59 .64 
B 3 5.57 5 .10 4 .93 .46 .53 .56 
B 4 5.89 5 .39 5 . 2 1 .43 .48 . 5 1 
B 5 6 . 2 1 5 .69 5 .49 . 4 1 .45 .47 
B 6 6 .52 5 .98 5 .78 .39 .43 .44 
B 7 3 .30 3 .02 2 .92 .39 .46 . 5 1 
B 8 3 .72 3 . 4 1 3.30 .34 .37 .39 
B 9 4 .15 3. 80 3 .67 . 3 1 .33 . 34 
BIO 4 .57 4 .19 4 .10 .30 . 3 1 .32 
B l l 5 .00 4 .58 4 . 4 3 .29 .30 .30 
B12 5 .42 4 .97 4 .80 .28 .29 .29 
B13 2 . 7 4 2 .52 2 .43 .34 .39 .42 
B14 3 .28 3 .00 2 .90 .29 . 3 1 .32 
B15 3 . 8 1 3 .49 3 .37 .27 .28 .29 
B16 4 . 3 4 3 .97 3 .89 .27 .27 .27 
B17 4 .87 4 . 4 5 4 . 3 1 .26 .27 .27 
B18 5.40 4 . 9 4 4 . 7 8 .26 .26 .26 
B19 2 . 5 1 2 .30 2 .22 . 3 1 .34 .36 
B20 3 .15 2 .88 2 .78 .27 .28 .28 
B 2 1 3 .78 3 .47 3 .35 .26 .26 : .27 
B22 4 .42 4 . 0 5 3 . 9 1 .26 .26 .26 
B23 5 .05 4 . 6 3 4 .47 .25 .26 .26 
B24 5 .69 5 . 2 1 5 .04 .25 .25 .25 
B25 2 .28 2 .09 2 .02 .30 .33 .36 
B26 3 .02 2 .77 2 .77 .26 .27 .27 
B27 3 .76 3 .45 3 .33 .26 .26 .26 
B28 4 . 5 0 4 .13 3 .99 .25 .25 .25 
B29 5 .24 4 .80 4 . 6 4 .25 .25 .25 
B30 5 .98 5 .48 5 .30 .25 .25 .25 
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I f the number o f s i t e s ava i l ab le f o r i n s p e c t i o n f a c i l i t i e s are l i m i t e d 
i I I l 
f o r the A t l a n t a M e t r o p o l i t a n Area , b iannua l i n s p e c t i o n may be a p r e ­
f e r r e d a l t e r n a t i v e t o annual i n s p e c t i o n . 
T o t a l E q u i v a l e n t Annual C o s t . T o t a l equ iva len t annual cost 
va lues obtained i n t h i s i n v e s t i g a t i o n decrease as t h e number o f lanes 
per f a c i l i t y i n c r e a s e . T h i s i s reasonable s i n c e , f o r example, i t i s 
more expensive t o have an i n s p e c t i o n system w i t h one c a s h i e r per one 
lane f a c i l i t y as opposed t o one c a s h i e r t o serve f o r a f i v e lane 
f a c i l i t y . 
Tab les 2 3 and 2 4 i n d i c a t e the i m p o r t a n c e o f the c o s t s o f f i x e d 
and v a r i a b l e l a b o r upon t o t a l equ iva len t annual c o s t s . F o r a l l one lane 
f a c i l i t y c o n f i g u r a t i o n s , f i x e d l a b o r c o s t s (such as the cost o f a s u p e r ­
v i s o r f o r a f a c i l i t y ) are h i g h e r than the v a r i a b l e l a b o r c o s t s ( c o s t o f 
personne l who a c t u a l l y per form the v e h i c l e i n s p e c t i o n ) . Fixed, l a b o r 
c o s t s , however, are lower than v a r i a b l e l a b o r c o s t s f o r a l l f i v e lane 
f a c i l i t y c o n f i g u r a t i o n s . 
F o l l o w i n g annual l abor c o s t s e x p e n d i t u r e s , recovery o f the i n i t i a l 
investment i s the next most expensive component o f t o t a l equ iva len t 
annual c o s t . As explained i n Chapter V , an 8 per cent i n t e r e s t r a t e on 
borrowed money was chosen. F i x e d opera t ing c o s t s f o r l i g h t s and f o r 
heat ing the f a c i l i t i e s were found t o be the l e a s t expensive annual 
expend i tu re . 
Cost per Vehic le per Year . S ince the cos t per v e h i c l e per year 
i s ca lcu la ted by d i v i d i n g the t o t a l equ iva len t annual cost per year by 
the number o f v e h i c l e s t o be i n s p e c t e d , the c o s t per v e h i c l e v a r i e s 
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d i r e c t l y w i t h t o t a l equ iva lent annual c o s t s . T h e r e f o r e , the cost o f 
annual f i x e d and v a r i a b l e l abor i s an impor tan t f a c t o r i n de te rmin ing 
the cost per v e h i c l e per year . 
T a b l e s 25 and 26 give the range o f cost va lues f o r each c o n f i g u ­
r a t i o n over t h e t ime span o f the s t u d y . S ince a v e h i c l e would be 
inspected every two years on a b iannua l i n s p e c t i o n , the cost g iven f o r 
b iannua l i n s p e c t i o n i n Tab le 26 i s approximately o n e - h a l f the t o t a l 
value the v e h i c l e owner would be charged f o r an i n s p e c t i o n every two 
y e a r s . The values i n Table 26 are repor ted on a per -year b a s i s t o make 
them comparable w i t h annual i n s p e c t i o n . 
Performance o f I n s p e c t i o n System C o n f i g u r a t i o n s 
F o r t h i s i n v e s t i g a t i o n , t o t a l w a i t i n g t ime per v e h i c l e i s the 
measure o f performance o f an i n s p e c t i o n system c o n f i g u r a t i o n . T o t a l 
w a i t i n g t ime per v e h i c l e i s ca lcu la ted by adding the t ime a customer 
w a i t s i n l i n e o u t s i d e the i n s p e c t i o n f a c i l i t y p l u s the t ime a customer 
i s be ing s e r v i c e d . A s e r v i c e t ime o f 15 minutes i s al lowed per v e h i c l e 
[ 7 ] . T h i s would inc lude t ime f o r the s h o r t cycle v e h i c l e i n s p e c t i o n 
t e s t , the necessary paperwork, and the t ime f o r i n s t r u c t i o n s f o r o b t a i n ­
i n g c o r r e c t i v e procedures and f o r p r o v i d i n g proper maintenance o f 
d e f e c t i v e p o l l u t i o n c o n t r o l dev ices . 
Performance o f an i n s p e c t i o n system conf igurat ion, -" .as measured by 
t o t a l w a i t i n g t ime per v e h i c l e , improves as the s i z e o f the f a c i l i t i e s 
( i . e . , number o f lanes per f a c i l i t y ) i n c r e a s e s . F o r a g iven number o f 
v e h i c l e s t o be i n s p e c t e d , the p r o b a b i l i t y o f having t o w a i t i s g r e a t e r 
i f a l l one lane f a c i l i t i e s , as opposed t o a l l f i v e lane f a c i l i t i e s , 
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comprise the i n s p e c t i o n sys tem. Tab les 25 and 26 g ive the range o f 
t o t a l w a i t i n g t ime va lues obtained f o r each c o n f i g u r a t i o n over the t ime 
span o f the s t u d y . 
Summary o f Cost and E f f e c t i v e n e s s Measurements 
Three i n s p e c t i o n system c o n f i g u r a t i o n s f o r annual i n s p e c t i o n and 
t h r e e i n s p e c t i o n system c o n f i g u r a t i o n s f o r b iannua l i n s p e c t i o n are 
chosen out o f t h e 60 c o n f i g u r a t i o n s (g iven i n T a b l e s 2 1 th rough 26) t o 
i l l u s t r a t e c o s t - e f f e c t i v e n e s s r e s u l t s . Table 27 i s a summary o f the 
measurements o f c o s t , performance and e f f e c t i v e n e s s f o r each o f the s i x 
c o n f i g u r a t i o n s . The s i x c o n f i g u r a t i o n s are o f comparable u t i l i z a t i o n 
( i . e . , approximately 72-82 per cent over the t ime span o f the s t u d y ) . 
The cost per v e h i c l e per year (1980) v a r i e s f rom $4 .29 t o $ 6 . 1 1 
f o r annual i n s p e c t i o n ; f o r b iannua l i n s p e c t i o n , the cost per v e h i c l e per 
year (1980) v a r i e s f rom $2 .04 t o $ 3 . 0 2 . The more expensive cos t per 
v e h i c l e va lues are f o r i n s p e c t i o n c o n f i g u r a t i o n s w i t h l e s s lanes per 
f a c i l i t y . 
The t o t a l w a i t i n g t ime per v e h i c l e ranges f rom approximately 15 
minutes ( . 2 5 h o u r s ) t o 30 minutes ( . 50 h o u r s ) . L e s s w a i t i n g t ime i s 
associa ted w i t h the i n s p e c t i o n system c o n f i g u r a t i o n s having more lanes 
per f a c i l i t y . The reason f o r the var iance i n w a i t i n g t ime i s expla ined 
i n Chapter V. 
E f f e c t i v e n e s s o f annual and b iannua l s t a t e i n s p e c t i o n i s measured 
i n terms o f t o t a l p o l l u t i o n l e v e l s , r e d u c t i o n s and percentage o f po ten ­
t i a l r e d u c t i o n s achieved over the t ime span o f the i n v e s t i g a t i o n . The 
e f f e c t i v e n e s s o f s t a t e i n s p e c t i o n i s independent o f the s p e c i f i c 
Tab le 27 . Summary o f Measurements o f Cost , Performance and 
E f f e c t i v e n e s s f o r Annual Versus B i a n n u a l I n s p e c t i o n 
Cost T o t a l 
W a i t i n g 
Time ( H r s . ) 
per 
Vehic le 
E f f e c t i v e n e s s 
(1975 t h r u 1985) Percent o f 
P o t e n t i a l 
Reduct ions 
Achieved C o n f i g ­
Number o f 
F a c i l i t i e s 




T o t a l 
E m i s s i o n s 
w i t h 
I n s p e c t i o n 
T o t a l 
Reduct ions 
w i t h 
I n s p e c t i o n 
u r a t i o n Required 1975 1980 1985 1975 1980 1985 ( T o n s * 1 0 6 ) (Tons * 1 0 6 ) 1975 198 5 
A 7 89 $6 66 $6 1 1 $5 .90 .39 .45 .49 CO = 2 .440 CO = . 498 CO = 82 CO = 80 
A13 59 5 57 5 1 1 4 .93 .33 .38 .40 HC = . 2 4 1 HC = . 052 HC = 68 HC = 82 
A25 35 4 65 4 29 4 .14 .29 .32 .34 N0X = .247 N0X = . 029 N0X = 2 4 N0X = 82 
B 7 4 4 3 30 3 02 2 .92 - .39 .46 . 5 1 CO = 2 .525 CO = . 413 CO = 41 CO = 71 
B13 29 2 74 2 .52 2 .43 .34 .39 .42 HC = .250 HC = . 043 HC = 34 HC = 73 
B25 17 2 28 2 .04 2 .02 .30 .33 .36 N0X = .250 N0X = . 026 N0X = 12 N0X = 73 
"A" denotes an annual i n s p e c t i o n system c o n f i g u r a t i o n . 
" B " denotes a b iannua l i n s p e c t i o n system c o n f i g u r a t i o n . 
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c o n f i g u r a t i o n chosen. F o r example, 89 two lane^ f a c i l i t i e s w i l l be equa l ly 
as e f f e c t i v e as 35 f i v e lane f a c i l i t i e s i n reducing automotive a i r p o l l u ­
t i o n s ince a l l v e h i c l e s can be inspected by e i t h e r c o n f i g u r a t i o n . Year -by-
year measurements o f e f f e c t i v e n e s s are g iven i n T a b l e s 1 7 , 1 8 , and 1 9 . On 
the b a s i s o f cost and e f f e c t i v e n e s s , b iannua l i n s p e c t i o n compares f a v o r a b l y 
w i t h annual i n s p e c t i o n . I n the i n i t i a l years o f i n s p e c t i o n , the e f f e c t i v e ­
ness o f s t a t e i n s p e c t i o n t o reduce n i t r o g e n oxides i s q u e s t i o n a b l e . 
Cost and E f f e c t i v e n e s s S e n s i t i v i t y A n a l y s i s 
The general aim o f t h i s s e c t i o n i s t o t e s t the s e n s i t i v i t y o f 
i n s p e c t i o n cost and e f f e c t i v e n e s s r e s u l t s t o changes i n t h r e e v a r i a b l e s . 
The t h r e e v a r i a b l e s a re : 
1 . The r a t e o f d e t e r i o r a t i o n o f c o n t r o l dev ices . 
2 . The i n s p e c t i o n f a c i l i t y s t a f f r e q u i r e m e n t s . 
3. The s e r v i c e t ime r e q u i r e d per v e h i c l e a t the i n s p e c t i o n 
f a c i l i t y . 
The r a t e o f d e t e r i o r a t i o n o f c o n t r o l devices was chosen t o be t e s t e d 
because p r e s e n t l y d e t e r i o r a t i o n r a t e s o f f u t u r e c o n t r o l devices are unknown. 
Only the proposed Federa l e m i s s i o n s tandards f o r f u t u r e automobiles are 
s p e c i f i e d . 
The s e n s i t i v i t y o f the t o t a l c o s t s o f i n s p e c t i o n t o (1 ) f a c i l i t y 
s t a f f requ i rements and (2 ) the s e r v i c e t ime r e q u i r e d per v e h i c l e are t e s t e d 
because f i x e d and v a r i a b l e l a b o r cost were i d e n t i f i e d t o be major expendi­
t u r e components o f t o t a l equ iva len t annual cost ( T a b l e s 23 and 24 i l l u s ­
t r a t e the importance o f annual l a b o r c o s t ) . By i n v e s t i g a t i n g these two 
f a c t o r s , i t i s hoped t o i d e n t i f y p r o m i s i n g i n s p e c t i o n system des ign 
approaches t o reduce the cost o f s t a t e i n s p e c t i o n . 
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S e n s i t i v i t y o f E f f e c t i v e n e s s t o Rate o f D e t e r i o r a t i o n 
The f o l l o w i n g equat ions f o r the d e t e r i o r a t i o n o f carbon monoxide 
c o n t r o l devices are r e p r e s e n t a t i v e o f equat ions used t o ca lcu la te p o l ­
l u t a n t e m i s s i o n s : 
(1 ) D = ( . 0048 CCMIS+1.08) 
(2 ) D 2 = ( . 0 7 6 6 CCMIS+.934) 
. -CCMIS/2 1-e 
. -CCMIS/2 1-e 
where, 
= D e t e r i o r a t i o n value assoc ia ted w i t h a veh ic le ( a f t e r a g iven 
number o f cumulat ive v e h i c l e m i l e s . 
CCMIS = Cumulative v e h i c l e m i l e s i n thousands (CCMIS>4). 
The f i r s t equat ion i s assumed t o be r e p r e s e n t a t i v e o f 1968-1975 model year 
v e h i c l e s ; the second equation i s assumed t o be r e p r e s e n t a t i v e o f v e h i c l e s 
manufactured a f t e r 1975 (Chapter IV g i v e s a d i s c u s s i o n o f d e t e r i o r a t i o n 
e q u a t i o n s ) . A r a t e o f d e t e r i o r a t i o n i s assoc ia ted w i t h each o f the above 
equat ions and could be found by d i f f e r e n t i a t i n g t h e e q u a t i o n s . Because 
the mathematical e x p r e s s i o n d e s c r i b i n g the r a t e o f d e t e r i o r a t i o n could no t 
be r e a d i l y incorpora ted i n t o the computer model, an approximat ion was 
r e q u i r e d . To approximate h i g h e r r a t e s o f d e t e r i o r a t i o n f o r equat ions (1 ) 
P 
and ( 2 ) , the CCMIS term i n each equat ion i s m u l t i p l i e d by 1 + , where 
100, 
P i s the r a t e o f i n c r e a s e , expressed as a percentage. F o r example, a 30 
per cent increase i n the r a t e o f d e t e r i o r a t i o n • o f D ^ would be approximated 
as f o l l o w s : 
100 
D = ( .0048(1 .3 )CCMIS+1.08) 
I n t h i s s tudy a 50 per cent increase i n the r a t e o f d e t e r i o r a t i o n 
i s i n v e s t i g a t e d . T a b l e s 28 and 29 are presented t o i l l u s t r a t e t h a t t h e 
approximation o f the increase i n the r a t e o f d e t e r i o r a t i o n i s good f o r 
v e h i c l e s t h a t are more than a year o l d . F o r 1968-1975 model year v e h i c l e s , 
the approximation procedure w i l l underest imate the r a t e o f d e t e r i o r a t i o n i n 
the f i r s t year o f the v e h i c l e ' s l i f e by 18 per cent . F o r 1976 model year 
v e h i c l e s and l a t e r , the approximation procedure w i l l overest imate the r a t e 
j 
o f d e t e r i o r a t i o n i n the f i r s t year by 4 per cent . 
Tab les 30 and 31 i n d i c a t e t h a t a 50 per cent increase i n the d e t e r i ­
o r a t i o n r a t e o f c o n t r o l devices does not s u b s t a n t i a l l y change the e f f e c ­
t i v e n e s s o f annual v e r s u s b iannua l i n s p e c t i o n . Apparen t l y , o t h e r f a c t o r s 
(perhaps v e h i c l e s i n i t i a l l y achiev ing t h e f u t u r e proposed Federa l standards) 
are more impor tan t than the r a t e o f d e t e r i o r a t i o n o f c o n t r o l dev ices . A l s o 
i f p o l l u t i o n c o n t r o l devices i n the f u t u r e e x h i b i t d e t e r i o r a t i o n as de­
s c r i b e d by a quadra t ic o r another type o f d e t e r i o r a t i o n e q u a t i o n , r e s u l t s 
may d i f f e r . 
S e n s i t i v i t y o f TEAC t o Decreased S t a f f Requirements 
The two personne l who would probably be considered t o be more 
expendable i f cutbacks i n c o s t s were r e q u i r e d would be the j a n i t o r and the 
t r a i n e e ass igned t o each f a c i l i t y . F o r t h i s r e a s o n , i t was o f i n t e r e s t t o 
see the net economic r e s u l t o f having no j a n i t o r s o r t r a i n e e s . Tab le 32 
g ives an 8 t o 14 per cent change i n t o t a l equ iva len t annual cost f o r the 
r e d u c t i o n i n f a c i l i t y s t a f f r e q u i r e m e n t s . Because o f computer t ime and 
- ( l . 3 ) C C M I S / 2 
1 0 1 
o t h e r i n v e s t i g a t i o n c o n s t r a i n t s , o t h e r s t r a t e g i e s , such as r e q u i r i n g one 
mechanic t o handle more than one lane were not cons idered . 
S e n s i t i v i t y o f TEAC t o Increased S e r v i c e Time 
I n t h i s i n v e s t i g a t i o n 1 5 minutes i s considered t o be the average 
s e r v i c e t ime per v e h i c l e . T h i s value was chosen t o a l low ample t ime f o r 
the ac tua l v e h i c l e i n s p e c t i o n , paperwork and i n s t r u c t i o n s t o the v e h i c l e 
owner concerning proper maintenance and/or replacement o f automotive p o l ­
l u t i o n c o n t r o l dev ices . A l s o , 1 5 minutes would a l low the i n s p e c t i o n 
f a c i l i t y pe rsonne l t ime t o i d e n t i f y minor m a l f u n c t i o n s , such as loose spark 
p l u g w i r e s , which i f corrected a t the i n s p e c t i o n f a c i l i t y might help the 
v e h i c l e t o pass the i n s p e c t i o n t e s t . The ac tua l exhaust p o l l u t a n t e m i s s i o n 
t e s t would probably r e q u i r e only 1 - 3 minutes depending upon the t e s t 
procedure. 
I f an improved schedu l ing procedure o r a more automated i n s p e c t i o n 
system could be d e v i s e d , l a b o r c o s t s could be reduced. F o r t h i s r e a s o n , 
the s e n s i t i v i t y o f t o t a l equ iva len t annual cost t o a change i n s e r v i c e t ime 
f rom 1 5 minutes t o 1 0 minutes was i n v e s t i g a t e d . Tab le 3 3 g ives i n v e s t i g a ­
t i o n r e s u l t s . The percentage change i n TEAC i s approximately equal t o the 
percentage change i n s e r v i c e t i m e . A l s o , the number o f f a c i l i t i e s r e q u i r e d 
i s l e s s w i t h a 1 0 minute s e r v i c e t ime as opposed t o a 1 5 minute s e r v i c e 
t i m e . 
Table 28 . V e r i f i c a t i o n o f the Method Used t o Approximate a 50 P e r Cent Increase i n the 
Rate o f D e t e r i o r a t i o n o f C o n t r o l Devices f o r 1968-1975 Model Year Veh ic les 
(1 ) (2 ) 
Vehic le M i l e s D r i v e n 
A D t l Age D u r i n g Year CCMIS 3 
D t i 
c 
D * i 
(2 ) E r r o r 
(Years ) (Thousands) (Thousands) ACCMIS ACCMIS (1 ) (%) 
4 . 0 1 .00000 1.00000 
0 - 1 1 3 . 2 1 3 . 2 1 . 1 4 1 8 1 . 01541 1.17445 .01896 1.2.3 -18 
1-2 1 2 . 0 2 5 . 2 1 .20096 .00493 1 .26144 .00725 1.47 - 2 
2 -3 1 1 . 0 36 .2 1 .25376 .00480 1 .34064 .00720 1 .50 0 
3-4 9 . 6 4 5 . 8 1 .29984 .00480 1.40976 .00720 1 .50 0 
4 -5 9 . 4 55 .2 1 .34496 .00480 1 .47744 .00720 1 .50 0 
5-6 8 .7 6 3 . 9 1.38672 .00480 1.54008 .00720 1 .50 0 
6-7 8 .6 7 2 . 5 1 .42800 .00480 1.60200 .00720 1 .50 0 
7-8 8 . 1 8 0 . 6 1 .46688 .00480 1.66032 .00720 1.50 0 
8-9 7 .3 87 .9 1 .50192 .00480 1.71288 .00720 1 .50 0 
9-10 7 .0 94 .9 1 .53552 .00480 1 .76328 .00720 1 .50 0 
1 0 - 1 1 5 .7 1 0 0 . 6 1 .56288 .00480 1 .80432 .00720 1 .50 0 
11 -12 4 . 9 105 .5 1 .58640 .00480 1 .83960 .00720 1 .50 0 
> 12 4 . 3 109 .8 1 .60704 .00480 1 .87056 .00720 1.50 0 
Cumulative v e h i c l e mi leage. 
D t l = ( -0048CCMIS+1.08) 1-e 
-CCMIS/2 
C D t l = ( .007(CCMIS)+1.08) 1-e 
-1 .5CCMIS/2 
Table 2 9 . V e r i f i c a t i o n o f the Method Used t o Approximate a 50 P e r Cent Increase 
i n the Rate o f D e t e r i o r a t i o n o f C o n t r o l Devices f o r P o s t - 1 9 7 5 Veh ic les 
CD (2) 
Vehicle^ M i l e s D r i v e n a b AD c . t 
Age D u r i n g Year CCMIS D 2_ D' t2 (2) E r r o r s 
(Years ) (Thousands) (Thousands) 2 ACCMIS 2 ACCMIS (1) (%) 
4 . 0 1.00000 - 1.00000 - - -0 - 1 1 3 . 2 1 3 . 2 1 .94247 .10244 2.45068 .15768 1 .54 +4 
1-2 1 2 . 0 2 5 . 2 2 .86432 .07682 3.82948 .11490 1 .50 0 
2-3 1 1 . 0 36 .2 3 .70692 .07660 5.09338 .11490 1.50 0 
3-4 9 . 6 4 5 . 8 4 .44228 .07660 6.19642 .11490 1 .50 0 
4 - 5 9 . 4 55 .2 5.16232 .07660 7.27648 .11490 1.50 0 
5-6 8 .7 63 .9 5 .82874 .07660 8 . 2 7 6 1 1 .11490 1.50 0 
6-7 8 .6 7 2 . 5 6.48750 .07660 9.26425 .11490 1.50 0 
7-8 8 . 1 8 0 . 6 7 .10796 .07660 10 .19494 .11490 1.50 0 
8-9 7 .3 8 7 . 9 7 .66714 .07660 1 1 . 0 3 3 7 1 .11490 1.50 0 
9 -10 7 . 6 9 4 . 9 8 .20334 .07660 1 1 . 8 3 8 0 1 .11490 1.50 0 
1 0 - 1 1 5 .7 1 0 0 . 6 8 .63996 .07660 12 .49294 .11490 1 .50 0 
11 -12 4 . 9 1 0 5 . 5 9 .06530 .07660 13 .05595 .11490 1.50 0 
> 12 4 . 3 1 0 9 . 8 9 .34468 .07660 13 .55002 .11490 1.50 0 
Cumulative Vehic le Mileage. 
D. = ( .0766CCMIS+.934) 







Tab le 30 . E f f e c t o f T y p i c a l v s . High D e t e r i o r a t i o n Rates on 
T o t a l E s t i m a t e d P o l l u t a n t E m i s s i o n s (1975-1985) 
E m i s s i o n s ( T o n s ) 
W i t h o u t S t a t e I n s p e c t i o n 
T y p i c a l H igh 
D e t e r i o r a t i o n D e t e r i o r a t i o n * Percentage 
P o l l u t a n t ( T o n s ) ( T o n s ) Increase 
CO 2 , 9 3 8 , 5 6 4 3 ,379 ,898 15 
HC 293 ,308 329 ,824 12 
OX 276 ,989 3 0 5 , 1 4 1 10 
E m i s s i o n s ( T o n s ) 
W i t h B i a n n u a l I n s p e c t i o n 
CO 2 , 5 2 5 , 1 0 4 2 , 6 5 4 , 0 5 2 5 
HC 250 ,112 258 ,594 CO 
OX 250 ,260 258 ,425 CO 
E m i s s i o n s ( T o n s ) 
w i t h Annual I n s p e c t i o n 
CO 2 , 4 4 0 , 1 8 6 2 , 5 2 4 , 2 7 5 CO 
HC 241 ,358 245 ,926 2 
OX 247 ,834 250 ,354 1 
High d e t e r i o r a t i o n i s def ined t o be a r a t e 
approximately 50 per cent g r e a t e r than a n t i c i p a t e d 
t y p i c a l d e t e r i o r a t i o n r a t e s . 
Table 3 1 . Comparison o f T o t a l E s t i m a t e d P o l l u t a n t 
E m i s s i o n Reduct ions Achieved w i t h Annual 
v s . B i a n n u a l I n s p e c t i o n (1975 -1985 ) 
P o l l u t a n t 
T o t a l E m i s s i o n Reduct ions 
Achieved (Assuming H i g h " 
D e t e r i o r a t i o n R a t e s ) 
B i a n n u a l 
I n s p e c t i o n 
( T o n s ) 
Annual 
I n s p e c t i o n 
( T o n s ) 
Maximum 
P o s s i b l e 
Reduct ions 
Achievable 
( T o n s ) 
CO 725 ,846 855,623 1 , 1 3 0 , 0 8 4 
HC 71 ,230 83 ,898 112 ,342 
OX 46 ,716 54 ,787 82 ,542 
High d e t e r i o r a t i o n i s def ined t o be a r a t e 
approximately 50 per cent g r e a t e r than a n t i c i p a t e d 
t y p i c a l d e t e r i o r a t i o n r a t e s . 
Table 3 2 . S e n s i t i v i t y o f TEAC t o Changes 
i n F a c i l i t y S t a f f Requirements 
TEAC T E A C a 
before after 
Reduct ion Reduct ion Percentage 
i n S t a f f i n S t a f f Change 
C o n f i g u r a t i o n Requirements Requirements i n TEAC 
A 7 $ 5 , 6 5 9 , 7 8 9 $ 4 , 8 5 5 , 2 2 9 - 1 4 
A13 4 , 7 3 3 , 5 5 0 4 , 2 0 0 , 1 9 0 - 1 1 
A25 3 , 9 7 4 , 6 8 7 3 , 6 5 8 , 2 8 7 - 8 
B 7 2 ,799 ,812 2 , 4 0 2 , 0 5 2 - 1 4 
B13 2 , 3 2 9 , 2 4 6 2 , 0 6 7 , 0 8 6 - 1 1 
B25 1 , 9 3 4 , 9 2 1 1 , 7 8 1 , 2 4 1 - 8 
Reduct ions occur by having no j a n i t o r o r 
t r a i n e e . 
Table 33. S e n s i t i v i t y o f TEAC t o Changes i n S e r v i c e Time 
Serv ice Time = 15 Minutes S e r v i c e Time = 10 Minutes 
Number o f Lanes 
F a c i l i t i e s per 
Required . F a c i l i t y TEAC 
Number o f Lanes Percentage 
F a c i l i t i e s per Change 
Required F a c i l i t y TEAC i n TEAC 
c 
H ° 89 2 $5,659,789 
§ 8 59 3 4,733,550 
^ g 35 5 3,974,687 
H 
59 2 $3,854,851 -31 
39 3 3,232,394 -32 
23 5 2,716,557 -32 ^ 
c 
^ .3 44 2 2,799,812 
g 8 29 3 2,329,246 
2 g 17 5 1,934,912 
29 2 1,897,343 -32 
19 3 1,578,668 -32 
11 5 1,305,856 -33 
NOTE: U t i l i z a t i o n o f f a c i l i t i e s i s approximately 72-82 per cent. 
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CHAPTER V I I 
CONCLUSIONS AND RECOMMENDATIONS 
The o b j e c t i v e o f t h i s r e s e a r c h , as s t a t e d i n Chapter I , was t o 
des ign and evaluate a system t o i n s p e c t exhaust gas emiss ion c o n t r o l 
dev ices . To accomplish the o b j e c t i v e , i n d i v i d u a l elements o f the 
system are analyzed and then the elemental c o s t s o r c o n t r i b u t i o n s t o 
emiss ion r e d u c t i o n s are aggregated. 
As a r e s u l t o f t h i s i n v e s t i g a t i o n , a d d i t i o n a l i n s i g h t s t o the 
problem o f automotive e m i s s i o n c o n t r o l were f o r t h c o m i n g . New areas f o r 
i n v e s t i g a t i o n became evident and a number o f impor tan t conc lus ions 
r e s u l t e d . 
Conc lus ions 
Design o f I n s p e c t i o n Systems 
The frequency o f i n s p e c t i o n shou ld be considered by l o c a l p o l l u ­
t i o n c o n t r o l agencies. B i a n n u a l i n s p e c t i o n , as opposed t o annual 
i n s p e c t i o n , r e q u i r e s l e s s investment i n f a c i l i t i e s and equipment. A l s o , 
the number o f i n s p e c t i o n s i t e s r e q u i r e d i s l e s s w i t h b iannua l i n s p e c t i o n . 
On the b a s i s o f t o t a l p o l l u t a n t e m i s s i o n s and r e d u c t i o n s , a b iannua l 
i n s p e c t i o n frequency compares f a v o r a b l y w i t h an annual i n s p e c t i o n 
f requency. 
The number o f i n s p e c t i o n lanes per f a c i l i t y i s an impor tan t 
des ign c o n s i d e r a t i o n . F o r a given number o f v e h i c l e s t o be inspected } 
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and a given t o t a l number o f i n s p e c t i o n l a n e s , the expected w a i t i n g t ime 
per v e h i c l e decreases as the number o f lanes per f a c i l i t y i n c r e a s e s . 
The t ime r e q u i r e d t o i n s p e c t a v e h i c l e i s i m p o r t a n t . Through 
improved schedu l ing t o ensure t h a t v e h i c l e s a r r i v e a t t h e i n s p e c t i o n 
f a c i l i t i e s i n a u n i f o r m manner, as opposed t o a r r i v i n g at the end o f the 
month, p l u s a f a s t e r s e r v i c e t ime per v e h i c l e , the number o f f a c i l i t i e s 
r e q u i r e d can be reduced. 
S ince automotive e m i s s i o n c o n t r o l systems are becoming more 
s o p h i s t i c a t e d , i t i s reasonable t o conclude t h a t t e s t i n g procedures w i l l 
have t o be improved t o detect m a l f u n c t i o n s . Based upon a rev iew o f t h e 
l i t e r a t u r e , a s h o r t cycle type o f i n s p e c t i o n procedure o f f e r s ( i n terms 
o f d i a g n o s t i c c a p a b i l i t y ) the most acceptable t e s t i n g method. T h e r e f o r e , 
p r o j e c t i o n s o f the t e s t equipment needs f o r an i n s p e c t i o n shou ld inc lude 
the cost o f a u x i l i a r y equipment f o r a s h o r t cycle t e s t . 
E v a l u a t i o n o f I n s p e c t i o n Systems 
The approach taken i n t h i s i n v e s t i g a t i o n o f f e r e d an e x c e l l e n t 
method f o r eva lua t ing p o l i c y d e c i s i o n s which w i l l be r e q u i r e d by s t a t e 
p o l l u t i o n c o n t r o l agencies. S p e c i f i c a l l y , the impact o f v a r i o u s s t a t e 
s tandards upon t o t a l e m i s s i o n s and r e d u c t i o n s could be eva luated. 
E f f e c t i v e n e s s o f I n s p e c t i o n S y s t e m s . The e f f e c t i v e n e s s o f s t a t e 
i n s p e c t i o n t o reduce carbon monoxide and hydrocarbons p o l l u t a n t emis ­
s i o n s w i l l decrease f rom 1975 t o 1 9 7 8 , then increase f rom 1979 t o 1985 . 
The decrease i n e f f e c t i v e n e s s f o r the i n i t i a l years o f i n s p e c t i o n i s 
due t o the l a r g e p o l l u t a n t r e d u c t i o n s the f i r s t year o f i n s p e c t i o n ; and 
then a decreasing q u a n t i t y o f p o l l u t a n t r e d u c t i o n s i s achieved i n 1 9 7 6 , 
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1 9 7 7 , and 1978 . The increase i n e f f e c t i v e n e s s i s a t t r i b u t e d t o main­
t a i n i n g v e h i c l e p o l l u t a n t e m i s s i o n 2?ates at a d e s i r e d l e v e l w h i l e the 
p o l l u t a n t e m i s s i o n r a t e s assuming no s t a t e i n s p e c t i o n are not c o n t r o l l e d . 
T h e r e f o r e , w i t h an i n c r e a s i n g v e h i c l e p o p u l a t i o n and d e t e r i o r a t i n g 
exhaust p o l l u t a n t c o n t r o l d e v i c e s , the numer ica l d i f f e r e n c e between the 
t o t a l e m i s s i o n s w i t h o u t s t a t e i n s p e c t i o n and the e m i s s i o n s w i t h s t a t e 
i n s p e c t i o n inc reases f rom 1978 t o 1985 . 
S t a t e i n s p e c t i o n t o reduce automotive n i t r o g e n oxide e m i s s i o n s 
i s not e f f e c t i v e u n t i l 1978 . C o n t r o l devices have not d e t e r i o r a t e d t o 
a l e v e l where s t a t e i n s p e c t i o n can become e f f e c t i v e . A f t e r 1 9 7 8 , the 
e f f e c t i v e n e s s o f s t a t e i n s p e c t i o n t o c o n t r o l n i t r o g e n oxides tends t o 
i n c r e a s e . 
I n c r e a s i n g the r a t e o f d e t e r i o r a t i o n o f exhaust c o n t r o l devices 
increased the r e d u c t i o n s achieved by both annual and b iannua l i n s p e c ­
t i o n . Cons ider ing the t r a d e o f f i n p o l l u t a n t e m i s s i o n r e d u c t i o n s and 
o t h e r f a c t o r s such as cost o f i n s p e c t i o n , b iannua l i n s p e c t i o n compares 
favorab ly t o annual i n s p e c t i o n even at the h i g h e r d e t e r i o r a t i o n r a t e s 
f o r p o l l u t i o n c o n t r o l dev ices . 
Cost o f I n s p e c t i o n S y s t e m s . F i x e d and v a r i a b l e l a b o r c o s t s were 
found t o be the most impor tan t opera t ing expendi tures f o r an i n s p e c t i o n 
sys tem. By decreasing two personne l (a j a n i t o r p l u s a t r a i n e e ) a t each 
f a c i l i t y , an 8 t o 14 per cent r e d u c t i o n i n t o t a l equ iva len t annual cost 
was obta ined . A l s o , a l l l abor c o s t s were a h i g h percentage o f t o t a l 
equ iva len t annual c o s t s . 
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Another method which was found t o be e f f e c t i v e i n reducing t o t a l 
equ iva lent annual cost was i n c r e a s i n g the v e h i c l e s e r v i c e t ime at each 
f a c i l i t y . By employing t h i s approach, a s m a l l e r number o f f a c i l i t i e s 
were r e q u i r e d and a l s o l e s s personne l were r e q u i r e d . 
Recommendations 
The d e c i s i o n t o implement an i n s p e c t i o n system t o reduce a u t o ­
motive exhaust p o l l u t a n t e m i s s i o n s w i l l be made based upon s e v e r a l 
types o f i n f o r m a t i o n . The c o s t - e f f e c t i v e n e s s r e s u l t s g iven i n t h i s 
i n v e s t i g a t i o n prov ide one type o f i n f o r m a t i o n which w i l l a s s i s t s t a t e 
p o l l u t i o n c o n t r o l agencies i n making a f i n a l d e c i s i o n . 
To promote f u r t h e r research and t o improve the approach taken i n 
t h i s i n v e s t i g a t i o n 9 the f o l l o w i n g recommendations are g i v e n : 
1 . The p o s s i b i l i t y o f i n c o r p o r a t i n g s a f e t y i n s p e c t i o n i n t o the 
a i r p o l l u t i o n i n s p e c t i o n system shou ld be i n v e s t i g a t e d . S ince on ly the 
cost o f s a f e t y i n s p e c t i o n equipment p l u s a d d i t i o n a l cos t f o r b u i l d i n g 
c o n s t r u c t i o n would be r e q u i r e d , t h i s would r e p r e s e n t on ly a s m a l l i n c r e ­
mental cost a d d i t i o n t o the proposed a i r p o l l u t i o n i n s p e c t i o n sys tem. 
2 . An i n v e s t i g a t i o n shou ld be i n i t i a t e d t o determine the cos t 
t o the p u b l i c assoc ia ted w i t h t ime and expense r e q u i r e d i n d r i v i n g t o 
and f rom the i n s p e c t i o n f a c i l i t i e s . A l s o , the cost o f w a i t i n g at the 
i n s p e c t i o n f a c i l i t y shou ld be cons idered . 
3 . The advantages and disadvantages o f a s t a t e o r a p r i v a t e l y 
owned v e h i c l e i n s p e c t i o n system s h o u l d be i n v e s t i g a t e d . 
4 . A i r q u a l i t y data shou ld be co l lec ted i n a manner t o v e r i f y 
or r e f u t e t h a t the model used i n t h i s i n v e s t i g a t i o n i s c o r r e c t l y 
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p r e d i c t i n g an o v e r a l l decrease i n the l e v e l o f automotive carbon monox­
ide , hydrocarbons and n i t r o g e n oxide p o l l u t a n t s w i t h o u t s t a t e i n s p e c ­
t i o n . 
5 . Data shou ld be co l l ec ted t o q u a n t i f y (1 ) v e h i c l e e m i s s i o n 
r a t e s be fore i n s p e c t i o n , (2 ) v e h i c l e e m i s s i o n r a t e s a f t e r i n s p e c t i o n and 
c o r r e c t i o n o f d e f e c t i v e d e v i c e s , and (3 ) r a t e o f d e t e r i o r a t i o n o f con­
t r o l devices a f t e r they have been cor rec ted . I s d e t e r i o r a t i o n o f c o n t r o l 
devices gradual o r does d e t e r i o r a t i o n occur r a p i d l y a f t e r c o r r e c t i o n s 
have been made? 
6 . Other systems f o r i n s p e c t i n g v e h i c l e s should be i n v e s t i g a t e d . 
F o r i n s t a n c e , i f durable mobile i n s p e c t i o n f a c i l i t i e s could be developed, 
s t a t e s might cons ider u t i l i z i n g shopping center p a r k i n g l o t s f o r i n s p e c ­
t i o n s i t e s . 
7 . F u r t h e r work shou ld be i n i t i a t e d t o determine i f e x i s t i n g 
t e s t equipment i s capable o f accurate ly measuring low concent ra t ions o f 
exhaust p o l l u t a n t s a n t i c i p a t e d f o r f u t u r e model year v e h i c l e s . I f more 
accuracy i s r e q u i r e d , t e s t equipment could become more expensive ,and, 
t h e r e f o r e , the o v e r a l l cost o f i n s p e c t i o n w i l l i n c r e a s e . 
8. S ince p re -1968 model year v e h i c l e s have no exhaust p o l l u t i o n 
c o n t r o l d e v i c e s , an obvious p o l l u t i o n c o n t r o l gap e x i s t s between p r e -
1968 v e h i c l e s and o t h e r v e h i c l e s . More data shou ld be co l l ec ted t o 
i d e n t i f y the o v e r a l l importance o f p re -1968 v e h i c l e s t o the t o t a l au to ­
motive p o l l u t i o n problem. P e r h a p s , i n s t a l l a t i o n o f p o l l u t i o n c o n t r o l 
devices f o r pre -1968 v e h i c l e s could be j u s t i f i e d as a p r e f e r r e d a l t e r n a ­
t i v e f o r c o n t r o l l i n g t h i s group o f v e h i c l e s . 
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9. S ince automotive e m i s s i o n s are impor tan t sources o f hydro ­
carbons and n i t r o g e n oxides i n many m e t r o p o l i t a n areas s perhaps more 
emphasis shou ld be placed upon developing s t r i n g e n t s t a t e automotive 
p o l l u t i o n s tandards f o r these p o l l u t a n t s as opposed t o carbon monoxide 
s t a n d a r d s . P o l l u t a n t c o n t r o l p r i o r i t i e s should be e s t a b l i s h e d t o agree 
w i t h a i r q u a l i t y needs o f each s t a t e o r the needs o f i n d i v i d u a l c i t i e s 





FLOW DIAGRAMS OF POLLUTION CONTROL MODEL (PCM) 
Four f l o w diagrams are g iven on the f o l l o w i n g pages t o i l l u s t r a t e 
how the i n p u t s t o the P o l l u t i o n C o n t r o l Model (PCM) are u t i l i z e d t o make 
c a l c u l a t i o n s r e q u i r e d t o o b t a i n measures o f i n s p e c t i o n system e f f e c t i v e ­
ness . 
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U n c o n t r o l l e d 
P o l l u t a n t E m i s s i o n s 
Rate D i s t r i b u t i o n 
I n p u t 
S t a t e 
Standards 
P o l l u t a n t E m i s s i o n Rate 
D i s t r i b u t i o n by Vehic le 
Model Year A f t e r 
F i r s t I n s p e c t i o n 
P o l l u t a n t E m i s s i o n 
Rate t D i s t r i b u t i o n 
A f t e r ' D e t e r i o r a t i o n 
\ 
4 
( E m i s s i o n Rate f o r 
Veh ic les Above S t a t e 
Standard) Minus 
( S t a t e Standard) 
END 
T o t a l P o l l u t a n t Reduct ions = 
E Reduct ions f o r each Vehic le Model Year 
F i g u r e 2 5 . Flow Diagram o f F i r s t Year P o l l u t a n t Reduct ion C a l c u l a t i o n s 
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r 
P o l l u t a n t E m i s s i o n 
Rate D i s t r i b u t i o n by 
Vehicle Model Year 
A f t e r I n s p e c t i o n 
S t a r t 
Increases i n 
P o l l u t a n t E m i s s i o n 
Rate D i s t r i b u t i o n 
P o l l u t a n t E m i s s i o n 
Rate D i s t r i b u t i o n 
by Vehicle Model 
Year B e f o r e Next 
I n s p e c t i o n 
T o t a l P o l l u t a n t E m i s s i o n s = 
E E m i s s i o n s by Vehic le 
Model Year 
' S t a t e I n p u t s 
I n s p e c t i o n S t a t e Standard 
( E m i s s i o n Rate f o r 
Veh ic les Above S t a t e 
Standard) Minus 
( S t a t e Standard) 
L N O [ 
I n p u t s 
L a s t Year o f 
Study P e r i o d 
T o t a l P o l l u t a n t Reduct ions 
E Reduct ions f o r Each 
Vehic le Model Year 
E N D 
F i g u r e 2 6 . Flow Diagram o f C a l c u l a t i o n s f o r Carbon Monoxide 
T o t a l P o l l u t a n t E m i s s i o n s and T o t a l P o l l u t a n t 
Reduct ions w i t h S t a t e I n s p e c t i o n 
P o l l u t a n t E m i s s i o n Rate 
D i s t r i b u t i o n by Vehic le 
Model Year A f t e r 




P o p u l a t i o n 
(Number o f P e r s o n s ) Year 
P o p u l a t i o n 
(Number o f P e r s o n s ) 
1961 1 , 050 ,090 1974 1 , 5 3 7 , 3 5 3 
1962 1 , 0 8 3 , 1 7 2 1975 1 , 572 ,900 
1963 1 ,116 ,254 19 76 1 , 6 2 1 , 8 4 9 
1964 1 , 1 4 9 , 3 3 6 1977 1 , 6 7 0 , 7 9 8 
1965 1 ,182 ,600 1978 1 , 7 1 9 , 7 4 7 
1966 1 ,224 ,112 1979 1 , 7 6 8 , 6 9 6 
1967 1 ,265 ,624 1980 1 , 8 1 7 , 7 0 0 
1968 1 , 3 1 7 , 1 3 6 1981 1 , 8 7 1 , 3 6 7 
1969 1 , 3 5 8 , 6 4 8 1982 1 , 9 2 5 , 0 3 4 
1970 1 , 3 9 0 , 1 6 4 1983 1 , 9 7 8 , 7 0 1 
1971 1 , 4 2 6 , 7 1 1 1984 2 ,032 ,368 
1972 1 , 4 6 3 , 2 5 8 1985 2 ,086 ,000 
1973 1,500 ,805 
[Source : References 31 and 3 2 . ] 




Table 34. Hydrocarbon D i s t r i b u t i o n 
f o r P r e - 1 9 6 8 Veh ic les 
Percentage o f 
T o t a l Exhaust 
P r e - 1 9 6 8 Hydrocarbon 
Veh ic les E m i s s i o n s 
0-10 6 .4 gms/mile 
10-20 7 .3 
20-30 9 . 1 
30-40 10 .0 
40-50 1 1 . 5 
50-60 1 2 . 8 
60-70 1 3 . 7 
70-80 1 6 . 4 
80-90 1 8 . 2 
90-100 25 .5 
EMISSION DATA FOR HYDROCARBONS 
AND NITROGEN OXIDES 
I n Chapter I V , e m i s s i o n data was given f o r carbon monoxide t o 
i l l u s t r a t e the d e t a i l s o f the i n v e s t i g a t i o n approach. The f o l l o w i n g 
Tab les give e m i s s i o n data f o r the o t h e r two p o l l u t a n t s considered i n 
t h i s i n v e s t i g a t i o n . 
Table 3 5 . Hydrocarbon Base L e v e l E m i s s i o n s , Federa l 
Exhaus t S t a n d a r d s , and S t a t e Standards 
( R e p r e s e n t a t i v e o f 1972 CVS T e s t Procedures) 
Base Federa l 
L e v e l Exhaust S t a t e 
Year E m i s s i o n s Standards Standards 
P r e - 1 9 6 8 (Average U n c o n t r o l l e d Rate = 1 3 . 1 0 ) 12 .80 
1968 5.60 6 .10 • 6 . 7 1 
1969 5 .60 6 .10 6 . 7 1 
1970 3 .50 3 .80 4 . 1 8 
1971 3 .50 3 .80 4 .18 
1972 3 .10 3 .40 3 .73 
1973 3 .10 3 .40 3 .73 
1974 3 .10 3 .40 3 .73 
1975 3 .10 3 .40 3 .73 
1976 .42 .46 . 5 1 
19 77 .42 .46 . 5 1 
1978 .42 .46 . 5 1 
1979 .42 .46 . 5 1 
1980 .42 .46 . 5 1 
19 81 .42 .46 . 5 1 
1982 .42 .46 . 5 1 
1983 .42 .46 . 5 1 
1984 .42 .46 . 5 1 
19 85 .42 .46 . 5 1 
NOTE: A l l p o l l u t a n t e m i s s i o n va lues are i n grams per 
m i l e . 
Table 36 . N i t r o g e n Oxide Base L e v e l E m i s s i o n s , Federa l 
Exhaust S t a n d a r d s , and S t a t e Standards 
( R e p r e s e n t a t i v e o f 1972 CVS T e s t Procedures) 
Base Federa l 
L e v e l Exhaus t S t a t e 
Year E m i s s i o n s Standards Standards 
P r e - 1 9 6 8 (Average U n c o n t r o l l e d Rate = 6, .40) 
1968 (Average U n c o n t r o l l e d Rate = 7, .10) 
1969 (Average U n c o n t r o l l e d Rate = 7, .10) 
1970 (Average U n c o n t r o l l e d Rate = 5. .50) 
19 71 (Average U n c o n t r o l l e d Rate = 5, .50) 
1972 (Average U n c o n t r o l l e d Rate = 4. .40) 
1973 2 .70 3.00 3 .30 
1974 2 .70 3 .00 3 .30 
1975 2 .70 3 .00 3 .3.0 
1976 .50 .60 .66 
1977 .50 .60 .66 
1978 .50 .60 .66 
1979 .50 .60 .66 
1980 .50 .60 .66 
1981 .50 .60 .66 
1982 .50 .60 .66 
1983 .50 .60 .66 
1984 .50 .60 .66 
1985 .50 .60 .66 
NOTE: A l l p o l l u t a n t e m i s s i o n values are i n grams per 
m i l e . 
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APPENDIX D 
1 . D = ( .0024 CCMIS+1.09) 
2 . D = ( .0706 CCMIS+.74) 
( C C M I S / 2 ) 
1-e 
n ( -CCMIS/2) 1-e 
where, 
D = D e t e r i o r a t i o n va lue . 
CCMIS = Cumulative v e h i c l e m i l e s i n thousands (CCMIS>4). 
The f i r s t equat ion app l ies t o 196 8-1975 model year v e h i c l e s . The 
second equation app l ies t o 1976 and l a t e r model year v e h i c l e s . 
The equat ion appl icable t o 1968-1975 model year v e h i c l e was 
der ived based upon i n f o r m a t i o n received f rom C a l i f o r n i a [ 2 5 ] . The 
second equat ion was der ived by assuming 1976 and l a t e r model year 
v e h i c l e s ' c o n t r o l systems would d e t e r i o r a t e t o the 1973 Federa l standard 
over the l i f e t i m e (109 ,800 m i l e s ) o f the v e h i c l e . 
DETERIORATION EQUATIONS FOR HYDROCARBON 
AUTOMOTIVE POLLUTANT CONTROL SYSTEMS 
Two hydrocarbon d e t e r i o r a t i o n equat ions are u t i l i z e d i n the P o l ­
l u t i o n C o n t r o l Model, which was expla ined i n Chapter I V . The two equa­
t i o n s are : 
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APPENDIX E 
1 . D = ( . 0044 CCMIS+1.15) ... ( -CCMIS/2) 1-e 
2 . D = ( . 045 CCMIS+1.05) .-. -CCMIS/2) 1-e 
where, ' 
D = D e t e r i o r a t i o n va lue . 
CCMIS ..= Cumulative v e h i c l e m i l e s i n thousands (CCMIS>4). 
The f i r s t equat ion app l ies t o 1973-1975 model year v e h i c l e s . The second 
equat ion app l i es t o 1976 and l a t e r model year v e h i c l e s . 
The equat ion appl icable t o 1973-1975 model year v e h i c l e s was 
der ived by assuming c o n t r o l devices on these v e h i c l e s would d e t e r i o r a t e 
t o 4 . 4 grams per m i l e . The 4 . 4 grams per m i l e i s t h e average uncon­
t r o l l e d e m i s s i o n r a t e assumed f o r 1972 model year v e h i c l e s (see Appendix 
C) . The equat ion appl icable t o p o s t - 1 9 7 5 model year v e h i c l e s was 
der ived by assuming c o n t r o l devices would d e t e r i o r a t e t o the 1973 Fed­
e r a l s tandard over the l i f e t i m e (109 ,800 m i l e s ) o f the v e h i c l e . 
DETERIORATION EQUATIONS FOR NITROGEN OXIDE 
AUTOMOTIVE POLLUTANT CONTROL SYSTEMS 
Two n i t r o g e n oxide d e t e r i o r a t i o n equat ions are u t i l i z e d i n the 
P o l l u t i o n C o n t r o l Model, which was explained i n Chapter I V . The two 
equat ions are: 
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APPENDIX F 
FLOW DIAGRAM OF COST MODEL (CM) 
As explained i n Chapter V , the Cost Model i s used t o make ca lcu­
l a t i o n s o f c o s t s and w a i t i n g t ime f o r v a r i o u s i n s p e c t i o n system c o n f i g u ­
r a t i o n s . F i g u r e 27 i l l u s t r a t e s how i n p u t s are used t o ca lcu la te the 
r e q u i r e d c o s t s and w a i t i n g t ime data. 
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S t a r t 
I npu t 1 ' I n p u t 
P o p u l a t i o n (1985) R a t i o o f Veh ic les t o 
P o p u l a t i o n (1985) 
T o t a l Veh ic les i n (1985) 
I n p u t ' 
D e s i r e d Capacity (19 85) 
Minimum (1 ,1 2 , 3 , 4 , o r 5 
Lane) F a c i l i t i e s 
r A d d i t i o n a l F a c i l i t e s 
I n p u t 
Investment Cost F a c t o r s 
Investment Costs 
I n p u t 
T o t a l Veh ic les 
P e r Year 
F i x e d Costs 
Cost per Vehic le 
per Year 
Expected T o t a l 
W a i t i n g Time 
P e r Vehic le 
P e r Year 
.No. 
No 
End o f Study Per iod? 
L a s t C o n f i g u r a t i o n ' r 
END 
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